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ABSTRACT 

The cost and effectiveness methodology developed in Task III of the 
INTACS program offers a direct, dependable, and flexible means for evalu- 
ating the capabilities and cost of the candidate mid range time frame Army 
communications systems concerned.  At the same time, it constitutes an 
effective tool for ranking these systems fuither on the basis of techno- 
logical risk.  Thus, the methodology developed will facilitate the selec- 

tion of a preferred system as intended, 
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FOREWORD 

This report has been prepared by the/Martin Marietta Corporation for 
the Commandant, USASESE, in accordance with the provisions of Contract No. 
!)AAC39-73-C-0248.  U documents the resultB of the contractor's activity 
in response to the requirements contained in Task .11 and is intended as 
an input to the on-goinR work of the 1NTACS progrf.m.  The ronunents, con- 
i lusions, and recommendations contained herein represent the professional 
views of the contractor and not necessarily thor.a of the Department of the 
Army. 
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1.0  INTRODUCTION 

This report documents the vork performed during Task III, Cost and 
Effectiveness Methodology Development, and summarizes the results of that 
effort. 

1.1  TASK III OBJECTIVE 

The objective of Task III was to develop the approaches and procedures 
to be employed in the evaluation and rank-ordering of the comnunications 
system alternatives to be developed in Task V.  Specific Task III efforts 
undertaken to satisfy this objective were as follows; 

0 Development of a tactical communications system effective- 
ness analysis methodology; 

0 Development of a cost analysis methodology; 

0 Development of a risk analysis methodology; 

0 Development of a sensitivity analysis methodology; 

0 Development of a cost/effectiveness tradeoff analysis 
methodology. 

While the objective of Task III was to develop methodologies, it is neces- 
sary, in order to fully understand, appreciate, and evaluate the methodo-^ 
logies, to present their basic elements within the context of their appli- 
cation.  Therefore, this report presents brief discussions of the effec- 
tiveness, cost, risk, and cost/effectiveness methodologies within the 
framework of their application in Task V, Development and Analysis of Mid 
Range Time Frame (MRTF) Communications Systems.  Particular emphasis is 
placed on the role these methodologies will play in assisting system 
designers in the development and refinement of alternatives and in pro- 
viding decision-makers with an assessment of the implications associated 
with pursuing various system options.  Detailed descriptions of the metho- 
dologies developed in this task are presented in appendices to this report. 

Each methodology Is defined in terms of four basic elements: 1) the 
output to be produced; 2) the Input to be operated on; 3) Che analytical 
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procedures, criteria, techniques, and models to be utilized; and A) the 
sequence of procedures to be followed In their application. 

The procedure for development and analysis of the MRTF communications 
systems and the application of the methodologies within this procedure is 
detailed in Section 2.0.  The effectiveness evaluation criteria (on which 
system effectiveness evaluation, design refinement, and tradeoff analysis 
will be based) are set forth In Appendix A.  The cost methodology and 
referenced cost methodology literature are presented in Appendices B and 
C.  The three major computer models that will be used in Task V are briefly 
described in Appendix D.  A sample communications system evaluation, using 
the procedures developed in Task 111, is presented in ^-«pendix E, and the 
sensitivity analysis of the procedure is presented in Appendix F.  Appendix 
G highlights the methodology for the evaluation of single channel systems. 
The report concludes with a table of abbreviatiens (Appendix M) and a glos- 
sary of terms (Appendix I). 

1.2  BACKGROUND 

The overall Integrated Tactical Communications System (INTACS) study 
program is intended to develop detailed and comprehensive communications 
support and implementation plans for all aspects of Army tactical 
communications support.  These plans must describe the systems, materiel, 
doctrine, and organizations required for such support during two explicit 
periods: 

0 The mid range time frame (MRTF), from Wo through 1986; 

c The long range time frame (LRTF), from 1987 onward. 

The implementation plans must include a time-phased sequence of events, 
milestones, and decision points as needed with regard to the time periods 
concerned. 

The INTACS program is divided into 17 tasks, with the first seven 
intended to address the MRTF and the remainder to consider the LRTF.  In 
each of these two sets of tasks, the following basic activities are 
prescribed: 

0 Refinement of alternative MRTF/LRTF communications systems; 

0 Configuration of alternative MRTF/LRTF communications systems; 

' Establishment of an ordered, weighted set of criteria for 
evaluating, comparing, and ordering; 

e Establishment of a cost and effectiveness methodology for 
evaluating, costing, comparing, and ordering of alternative 
MRTF/LRTF communications systems; 

—-■"— ------ .  . ,— -.^.-M.—. .   , -      i ir  m fimaa^n— 



  

0  Determination of the size and Initial cost ot the baseline 
and alternative MRIT/I.RTF communications systems; 

' Development of communications support requirements for alter- 

native concepts; 

0 Analysis and evaluation of candidate MRTF/LRTF communications 
sysremr, and Identification of design deficiencies and unsult- 
abiiltles of alternatives to permit subsequent redesign where 
permissible; 

0 Determination of the comparative cost of alternative systems; 

0 Tradeoff analysis, comparison, and rank-ordering of candidate 
systems. 

A graphic depiction of t.he logic and flow of the foregoing activities is 
presented in Figure 2.0-1 (found on page 8). 

1.3  APPROACH 

If the INTACS program Is to successfully achieve the upgrading of the 
future communications posture of the Army, it must attain a desired level 
of credibility early in the effort.  The task of building this foundation 
of credibility commences with the development of sound methodologies. 

The remainder of this section summarizes the fundamental approach 
by the study team in establishing sound methodologies in the areas of effec- 
tiveness, cost, risk, sensitivity, and system cost/effectiveness tradeoff. 

1.3.1 Effectiveness Analysis Methodology 

System effectiveness refers to the overall capability of a system 
to accomplish its intended mission.  The mission of an Army tactical 
communications system is to provide deployed units with the communications 
support needed to accomplish their objectives.  Thus, the ultimate measure 
of the effectiveness of any tactical communications system is the degree 
to which that system enhances the probability of mission accomplishment 
by the tactical units supported. 

Of course, the calculation of this probability in a totally credible 
manner is an impossible task.  Primary deterrents are the difficulties 
associated with irentifying the factors upon which mission accomplishment 
depends, the manner in which these factors are related, and the absence 
of operational data upon which the analyst can draw to determine the way 
communications affects these factors. 
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In approaching Task III, therefore, the study team decided to base 
the evaluation of HÜACS alternatives not on the success likely to be en- 
joyed by the units supported, but upon the degree to wh<ch each alternative 
possessed the characteristics deemed inherently ciesirable in a tactical 
communications system.  The Department of the Army's INTACS Study Advisory 
Group (SAG) and the Contracting Officer's Representative (COR) concurred. 

1.3.2  Cost Anaiysig Methodology 

Two types of cost information are required to meet the needs of the 

INTACS program: 

0 Total life-cycle cost (LCC) estimates for each alternative 
to be designed and analyzed in Task V; 

0 A summary, by year, of costs required to implement each 
alternative (necessary to develop support and implementa- 
tion plnns for the preferred concept in Tasks VI and VII). 

The cost  methodology must produce the required cost information to 
support the subsequent analysis.  One cost approach will estimate the total 
LCC of alternatives to aid in selecting a preferred concept, while the 
other will aid in programming, budgeting, and controlling the preferred 
alternative support system concept.  The cost methodology win be applicable 
in Tasks V, VI, and VII, as indicated in the paragraphs that follow. 

Task V is to develop a candidate Communications support system for 
each alternative concept and perform cost, effectiveness, and sensitivity 
analyses to recommend a preferred system.  The LCC methodology will be used 
in estimating costs of the alternative system concepts to be used in trade- 

off analysis. 

Task VI will produce a detailed communications support plan based 
on ehe Gove.-nment's selection of a preferred system.  In this plan, man- 
power and training costs for the specified organizations are required, along 
with adjusted procurement and Inventory costs based on Identified equipment 
needs and Inventory shortfalls to aid In refining the materiel program.  A 
subset of the described LCC methodology will be used to determine these 

costs. 

In Task VII, yearly costs are required for programming, budgeting, 
and control purposes.  The methodology of time-allocation of costs will he 

used to produce these cost estimates. 

In developing this methodology, It was assumed that, for the period 
of interest (1976 to 1986), all equipment to be fielded is either on the 
shelf or currently In the research and development (R&D) process.  As a 
result, either RiD costs are sunk, or estimates of such costs have already 
been developed and ar>» available.  A second constraint on the development 
of the methodology was the type and availability of existing cost data. 

4 
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Elements of total LCC and time-allocation of cost categories for 
which estimates are to be developed were Identified on the basis of a 
review of  appropriate Department ol Defense and Department of the Army 
regulations and other available data to determine those for which estimates 
could be developed.  Existing models and data were reviewed to determine 
the extent to which they would be applicable to the needs of the INTACS 
program.  On the basis of this review, the procedures were then identified 
and developed for calculating the required LCC and flme-allocation of costs, 

Three cost constraints will be applied in the mid range time frame 
evaluation and implementation: 

*• 

Total hardware cost constraint 
System life-cycle cost constraint 
Annual cost constraint. 

1.3.3 Risk Analysis  Methodology 

The risk analysis methodology Is a procedure for assessing the po- 
tential technological hazards associated with the MRTF alternative commu- 
nications systems.  A risk analysis is required because the implementation 
of an alternative might require the development of equipments not currently 
available.  In carrying out such developments, the possibility exists that 
equipment with the required characteristics cannot be developed within the 
time period of Interest.  The risk analysis flags this potential difficulty 
so that it will not be overlooked in choosing a preferred alternative. 

1.3.4 Sensitivity Analysis Methodology 

Since most of the input parameters for Task V deal with the future 
and do not possess the desired degree of accuracy, a sensitivity analysis will 
be performed as a means of considering the uncertainty.  A set of Inputs may 
be little-known, so that estimates may be subject to error.  In addition, the 
subjective utility allocation may contribute to a lack of precision.  To In- 
clude both sources of error, the sensitivity analysis is conducted in two parts: 

0 Parameter sensitivity analysis 
0 Utility allocation sensitivity analysis. 

The parameter sensitivity analysis consists of changing an assump- 
tion or input parameter by a specified amount and determining the effect 
of the change on the figure of merit (FOM).  The second part is to deter- 
mine the effect of a slightly different utility allocation on the FOM for 
each system. 



1.3.5 CoBt/hfiectlveness Tradeoff Anaiygla Methodology 

The tost/effectiveneea tradeoff analysis will be the last phase of 
the cost/effecttvenesB analysis effort prior to final selection of a pre- 
ferred alternative.  The first step will be to construct a summary table 
to aid in identifying significant differences among the alternatives.  Next, 
those alternatives clearly dominated by others in cost, effectiveness, and 
risk will be ideutified; alternatives that exceed established cost 
thresholds will also he identified.  After the identification of high-risk 
alternatives, an effectiveness/cost/risk sensitivity analysis will be per- 
formed.  Finally, consideration will be given to attributes contained in 
the summary table. 
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0  METHODOLOGY FOR PEVELOPMENT AND ANALYSIS 
lTF"imF^rFro>i>iu>ri CAT TONS SYSTEMS 

The  Task  V methodology   (Tasl-- V Task Execution  Plan)  developed  in Task 
III  is described  in  this  section.     Figure  2.0-1  shows   the principal ele- 
ments of  this methodology,   the interrelationships between elements     and 
the  chronological  order  in which  these  elements wxll be carried out       A 
brief overview of   the methodology  Is  presented in  the remainder of  this 
section.     Each  of   the  eight elements  that  comprise  the methodology  tn 
plicitly  treated in Sections  2.1  through  2.8,   respectively. 

As portrayed  in  the methodology  flow diagram  (Figure  2.0-1).   the multi- 
stage  procednre  begins with  the network  sizing task   (Step I),   in which  ehe 
^se^tial  communications system characteristics  that will best ^et    he 
COMSRs  developed  for  the EAD  force  model  are  determined.     The  S1M.E uodel 
will be utilized as  the primary tool  for definition of the communications 
^y    em requirement parameters.     These  requirements,   the per ormance cri- 
teria developed  in Task III.  and the MRTF concepts  refined in Task  IV are 
the essential  inputs  to  the MRTF candidate system development task   (Step 
2^    Various  implementation approaches will be  conceived and °^  -<*    nt0 

alternative  MRTF' communications  systems.     Existing  and planned M»lP"Mt. 
as  specified in Appendix G of Task IV. will be considered in formulating 
these candidate  systems.     Concept ALPHA,  based on  the ^^^Ztt* 
F^ baseline concept,  will also be  formulated,  using existing and planned 
eCp^nt      Concept LPHA will be derived to provide a reference system for 
^ter^lution and  for co^arison of  the other candidate systems.    When 

approved by  the Government,   the candidate systems will provide  the major 
inp^to  Steps   5. 6.   and 7.  in which the candidate, systems are evalu- 
ated in terms of  communications system effectiveness,  cost, and risk and 

sendltlvity. 

In  Step  3     the  SIMCE and CASE/T1>-18 communications  system models 
will be utilized as design tools  to evaluate and refine each Candida e 
system.     T^e models will be used  for each concept,  and the results will 
indicate the need for changes in system parameters and configuration.     In 
Step 6.   system analysts will evaluate other effectiveness aspects to deter- 
mine possible system parameter or configuration improvements.     In addition, 
S Government will  conduct an EMC/EMV analysis  that will be provided as 
input  to the system evaluation task.     The refined  candidate systems,   as de- 
fined by their configurations and associated effectiveness,  cost,  and risk 
evaluation, will  then be analyzed as  to  the parameter variation J" 'he sen- 
sitivity analysis  task (Step  7).     The  results of  the cost,  effectiveness. 
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and  rislc and seuslLlvity  analyses will  be  used by  the  aystera cost/effective- 
ness  and  rank-ordering  task  (Stop H),   to  refine  the  alternative  systems 
and  rank-order  them with sufficient  documented  rationale  to permit  Govern- 
ment  selection oi  the preferred system.     The Government-preferred system 
will  then be documented;   the preierred system communications support plan 
in Task VI and the MRTF implementation plan in Task VII  will be Identified. 

2.1  NETWORK SIZING 

The purpose of the network sizing effort in Task V will be to deter- 
mine the minimum channel allocations, throughout the system, that would 
successfully meet the communications support requirements (COMSRs).  These 
channel requirements will be used as a base from which system designers 
will determine equipment deployments for the alternative communications 
systems. 

Network sizing will be accomplished by using S1MCE to determine the 
relationship between channel requirements and design GOS.  An analysis of 
this relationship will produce LINK GOS upper limit for system design.  The 
results of sizing will be the capacity in channels of each link of the net- 
work and equipment allocations for each unit in the system. 

The size of a communications system is specified by the locations of 
its nodes and links, the link capacities, and the equipment allocations. 
To determine these parameters, the Task V team will examine unit-to-unlt 
needlines and channel requirements to determine the relationship between 
link capacity and GOS. 

The Government-furnished information to be used for sizing includes: 

0 COMSR data and data description 
0 EAD force model 
0 EAD deployment 
0 SIMCE model. 

The COMSRs were produced from the following sources: 

8 The Government-furnished force model with unit name, number, 
TOE, an«? location tor over AOGG units; 

0 Data forms (completed by military communications experts) 
that recorded, for each typical unit, its communications re- 
quirements by mode. 

"Ihis information was processed by a series of programs, including a 
force model program to place the appropriate data In the format required by 
SIMCE.  The three files prepared for input to SIMCE contain specific unit 

data, typical unit names, and the user communication requirements. 
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With  the elimination of  the  Field Army  echelon,   the  CONAF COMSR data 
base  originally  supplied by  the  Government   must be  revised  for  the new 
EAD force structure.     It  is   the purpose of  Task XVII   to develop an  EAD 
COMSR data base  that  reflects  the user  requirements of  the units  in the 
EAD force structure.     The  EAD force model specifics each  individual unit 
and  the echelon  to which  the unit belongs.     The  EAD deployment provides 
the  location of  these  Individual  units. 

SIMCE will  be used in network sizing to provide  unit needline  traffic 
volume,   channel   requirements,   and GOS.     (SIMCE  Is  described  in Appendix Ü.) 
The  task of sizing will be performed separately  for Theater Army,   Corps, 
Division,  and Separate Brigade.     The sizing task can be broken down into 
five steps: 

Compute unit needline  traffic 
Compute unit-to-unit  channel  requirements 
Determine  link capacity-versus-GOS curve 
Determine equipment  allocations 
Determine  LINK GOS upper  limit. 

2.1.1 Compute Unit Needline  Traffic 

The  first  step  In  the  sizing  task will  je  to conduct a  SIMCE-aided 
analysis to determine unit-to-unit  traffic volume.     The study team will 
identify the units  to be sized and the location of nodes in the echelon. 
SIMCE will be run  to determine  the traffic between all specific units.     This 
information will  then be used  to Identify the busiest units,  relocate nodes, 
and determine equipment allocation for the individual units. 

2.1.2 Compute Unit-to-Unit  Channel Requirements 

The second step in the sizing task will be to determine the number 
of channels required by each pair of communicating units. This step will 
use the unit needline traffic volume determined in the first step. Unit- 
to-unit channel requirements will be computed, using the Erlang B formula. 
The analysis will provide an estimate of the upper limit on the number of 
channels required between a pair of units. 

2.1.3 Determine Link Capacity-versus-GOS Curve 

The purpose of this  step will be  to determine the sensitivity of 
link capacity to design GOS.     SIMCE will be used to determine channel 
requirements  for several values of design GOS. 

The system designer will refine ehe locations of nodes and links in 
the network, using the unit-to-unit  traffic from Step 1 as a guide.     SIMCE 
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will then b3 run, connecting each unit to the nearest node and. if neces- 
sary, relocating nodes to Improve design. The system designer will input 
a routing scheme and a design GOS to SIMCE, to determine channel require- 
ments for all links in the network. The analysis will be repeated for 
various values of GOS, to produce a channel requirement-versus-GOS curve. 
This curve will help the designer determine the point at which a slight 
increase In GOS requires a  large increase in  link capacity. 

2.1.4 Determine Equipment Allocations 

The unit needline traffic volume and the unit-to-unit channel re- 
quirements from Steps 1 and 2 will aid in the determination of equipment 
for individual units.  Equipment allocations for nodes will be determined 
by the designer after examination of the SIMCE-provided channel requirements 
for links, distances between nodes, and the volume of traffic over each link. 
The designer will also note the requirements of each individual unit for 
secure equipment, to ensure proper allocation of this equipment.  Then the 
recommended equipment for each unit will be compared to the unit's present 
TOE equipment allocation. 

2.1.5 Deterciine LINK GOS Upper Limit 

The fifth step will use the output of the comparative analysis con- 
ducted in Step i*  and the channel capacity-versus-GOS curve developed in 
Step 3 to analyze and determine the LINK GOS upper limit to be used for 
system design.  In Step 3, the link capacity required to meet a specified 
GOS was determined, and in Step 4, equipment allocations were established. 
The next step will be to combine the information from these two analyses 
and determine the maximum value of GOS to be used for system design.  An 
analysis based on this consideration will be conducted, and a LINK GOS 
upper limit for system design will be determined.  This value of GOS repre- 
sents the highest value of GOS that the alternative systems can be expected 
to attain. 

2.2  DEVELOPMENT OF MRTF CANDID\TE SYSTEMS 

The objective of this task is to develop four candidate MRTF communi- 
cations systems that will be analyzed and evaluated in Steps 3, 4, 5, 6, and 
7 of Figure 2.0-1 and subsequently reflnac ?md rank-ordered in Step 8 of 
the diagram.  The communications system dt Jlgn will identify the communi- 
cations resources required to support the selected concepts and conanunica- 
tions support requirements, by echelon, in terms of equipment, facilities, 
procedures, and system organization.  The task will assign communications 
resources to establish the communications networks, communications nets, 
special communications subsystems, and organic communications capability, 
in accordance with established requirements.  This task will consist of 
four sub tasks: 
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1 Review Task IV hardware fur completeneas and make modifications 
" where required; provide equipment characteristics for evaluation; 

2 Identify organic communications support requirements; 

3 Identify additional communications support requirements; 

4 Develop MRTF candidate communications systems. 

In Subtask 1, the procurement list of communications equipment from 
which the systems will be configured will be updated.  Each item of equip- 
ment whose electromagnetic characteristics are required for input into the 

EMC/EMV analysis will be defined. 

In Subtask 2, the organic communications support requirements for each 
unit wil] be identified and consolidated to permit the assignment of equip- 
ment and resources to be made in Subtask A.  Identification of organic 
requirements will be based on: 1) review of the COMSR data; 2) evaluation 
of the output from the network sizing tasks; and 3) review of other require- 
ments documentation. 

Subtask 2 will essentially follow the procedure outlined below: 

•  Identify organic communications requirements on a unit basis, 
in accordance with checklists and tables for the following: 

- Interunit traffic requirements 
- Intraunit traffic requirements 

0 Review stated requirements for: 

- identification of duplications and omissions 
- Comparison with adopted atandards 
~ Verification of minimum essential requirements. 

In order to ensure development of a cost/effective system that minimizes 
inconsistencies and overequipping, all available communications means must 
be considered simultaneously when unit organic requirements are being deter- 
mined.  The operational features, limitations, and capabilities of each of 
these means will be considered during resource assignment. The advantage 
offered by this approach is that it affords a view of the total communica- 
tions requirements picture for each unit.  This provides perspective and 
insight to the evaluation and resource assignment procedure that would not 
be possible if, for example, multichannel and organic requirements were 
evalusted separately.  Tabulation of all requirements for each unit on a 

single record will facilitate this advantage. 

The procedure referenced above permits assignment of equipment and re- 
sources as soon as requirements are determined, provided a resource inven- 

tory is available. 
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Tt\e  results to be produced by this subtask Include identification of 
the unit's organic requirements in terraa ol users, needlines (both interunit 
and intraunit), needline characteristics, desired/required telecommunications 

means, and communications channel requirements. 

Subtask 1 will examine identified areas that require communications 
support, to determine if special comraunLcations subsystems may be needed to 
satisfy particular requirements.  These areas must first be identified and 
their specific requirements determined before various means can be proposed 
and evaluated.  The provision of a separate communications subsystem must 
be Justified; it must consider the specific demands for service, the appli- 
cable measures of effectiveness, and available alternate methods of support. 

Several sources will be used to identify areas of communications sup- 

port and their requirements, to include: 

0 On-site development of minimum essential CE requirements with 
cognizant agencies (e.g.. Air Defense Agency); 

c Analysis of pertinent documents: 

- Basic derivative studies and CE annexes 
- Doctrinal concepts for employment of various weapons 

- Technological forecasts 
- Planning documents and studies; 

0 Visits to PMOs, obtaining requisite information by: 

Interview 
- Examination of support system documentation; 

0 AMC Electronic System Procurement Conference. 

Specific subsystems considered candidates for communications require- 

ments analysis in this subtask include: 

0  TOS 
0 TAr.FIRE 
0  CS3 

Air Defense (TSQ-73, SAM-D, Chaparral/Vulcan, etc.) 

Lance 
Pershing 
ATMAC 
Weather 
TACASA. 

Published information on these, and other subsystems projected for 
fielding in the mid range time frame, is expected to be obtained through 

the INTACS OOTR. 
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As   these  subsystems  are   Identified  and  their cütranunicatlons  require- 
ments  determined,   these  requirements will  be  analyzed with  respect  to   th« 
capabilities  of  the organic  communication.;  support  to determine  the ade- 
quacy  of  service.     Where necessary  to provide  required service,  additional 
communications  subaystem networks will  be  configured and evaluated with 
SIMCE in a  manner   similar  to network  sizing. 

Thj  resul» .     .   re produced by  this  subtask include   the  following: 

A a   _ of network  topologies   that  represent   tht additional 
rr     ilcations  support subsystems; 

/>     orpanying  lists of  communications  requirements  data ele- 
w.its  that  describe   In detail  the  capabilM..  needel  by  these 

■   ptrras,   identifying the users an.i  rhz  i.y%.     *. d amount of 
traf   U  to  be  carried. 

SubtasV  4 will  assign specific Communications   .to-     -.P   "5  establish 
communications vetvo '    ,   special  commc   Urtlorr  -ub--3L-ms,  »^d  organic 
capability,   'a    ccc/.   n:t  with established  r^quir»n oU. 

The  Mrrimm"   . ^niwn will  vary with  t.t« pa.-  1.     ar area of  commu- 
nications  -   iport. .ci-hannel equipir-rt will be asevgi..--: ^ased on the 
node and  1. nk crnfigi :*    OIF peculiar to each network,     me equipment must 
then be  as.'oca..-o >.'.-.       ..pored  cognizant  signal organ!-.atlons.     Person- 
nel  require..«  t.   «fill t>   i Ke aat.ermir.^d for these unii.s.     Specialized 
communications   p'biysf« '-i-11 be developed in a similar - ?r.ner.     The pro- 
cedure   for det< nni'.-1 .g o  <ranic  requirements  leads almost  directly  to  re- 
source selecticr. 

Once rtsoui-f.. ha.e b-en aF^igned  to typical unUs Jn the force model, 
locations  can I .• ■     .»L..   ne.' by  referencing the deployment.     This  assignment 
step will enitl'  Je   •". .r^r... of the Inputs required to- tiie effectiveness, 
cost,   sensiuv ty,      .d   ,fC/EMV analyses  In the subcases  that  follow. 

The effo.r  luk'- ve    in this and subsequent tashü  requires a communi- 
:ations  resource dat    ba)e and efficient methods of access to satisfy  the 
multiple dema'ds  for sucl. information  throughout the course of the  study. 
The large number of nodes,   units,  equipment types,   and alternative con- 
cepts will  generate a substantiil  amount of manual work. 

The  output of  this  task will be  the candidate  consaunlcations  support 
systems described in terms of the elements listed helcw.     They will be con- 
sidered tentative configurations,  pending the outcome wf   Che EMC/EMV and 
cost and effectiveness analysis   to be conducted in d..'   following subtasks: 

0    Identify users by name,  unit, echelon,  - •'  location; 

•    Identify the number, nomenclature,   func   ion,  characteristics, 
and cost of each  type  of equiprent; 
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FdentJfy and configure the radio nets, multichannel subsystems, 
and special subbystema for each candidate system In terms of 
users, user/equipment assignments, and user/equipment 
interconnectivity; 

Define the connectivity and configuration procedures by which 
the communications equipment is operationa]iy deployed; 

Define the operational procedures and techniques under which 
the system will be required to operate; 

Identify the quantity and type of personnel required to main- 
tain and operate the systeiu. 

The iterative nature of this task Is indicated in Figure 2.0-1 by the 
feedback loop from the output of the system effectiveness analysis (Step 
6) and tradeoff analysis (Step 8).  Feedback data will Include the design 
deficiencies and limitations identified for each option, and will indicate 
the need for a revision/modification of the particular candldlate system 
design. 

2. 3  COMPUTES SIMULATION ANALYSIS 

The two computer simulation models (CASE and SIMCE) will be used to 
evaluate the following measures of effectiveness: 

8 Grade of service 
0 Speed of service 

COS loss due to nodal destruction 
Ability to adapt to various ratios of traffic types. 

Section 2.6 outlines the manner in which the MOEs will be used in the INTACS 
evaluation.  Appendix A defines these MOEs, and in foir specific instances, 
refers to the use of the network models for their evaluation. 

2.3.1 Evaluation of Grade of Service 

Both SIMCE and CASE will be used to evaluate GOS.  It is expected 
that each will reinforce the other model, and if this is true, the results 
of the CASE analysis will be used for the MOE.  Each model has features 
common to the other and features not contained in the other.  Thus, evalua- 
tion by both models will ensure complete consideration of system contribu- 
ting factors to GOS.  Both models evaluate COS for TP and TTY traffic; 
SIMCE also computes GOS for data, and is being enhanced by the Army to 
compute GOS for net radio. 
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2.3.1.1  CASE 

For If traffic , CASK will slmul.Ue the generation of messagef. and 
count the number of blocked messages.  COS is calculated as the probability 
that a message is not blocked.  Blockage occurs in any of the following 

instances: 

0  An oper^nr, . r plug, is not available at one of the nodes 

along the route; 

0  A link dUMWal li 0#t available; 

0 A loo-r- channe1 is not available between the node of des- 
Lintt PM and ; he unit of destination; 

c  i: . IT is bu-y at the unit of destination. 

CASE simulates automatic switchboards by eliminating the constrain- 
ing characteriotic- of manual switchboards, the number of operators, and 
the operator reaction time.  This is ar.omplished by providing enough opera- 
tors to ImmediatHlv service all calls and by specifying a minimal operator 

reaetion time, 

CASE permits rerouting in the. event of blockage at a node.  In 
this instance, blockage OCCttra (for system COS) only if all reroutes fail. 
COS for the system (total network) will je computed.  Though not part of 
the MOE. unit-to-unit COS will be -ecorded CO ensure that satisfactory 

service Is provided to every user. 

CASE simulates TTY traffic in a separate model.  Messages are 
not blocked, but remain in queue until a connection Is successfully estab- 
lished for transmission.  A message completion rate is calculated for the 
system by dividing the total number of completed messages by the total 
number of messages generated.  The difference between these two numbers 
Is accounted for by the messages remaining In queue or still being proces- 
sed at the end of the simulation.  No messages are assumed lost.  This 

ratio Is considered the COS for TTY traffic. 

2.3.1.2  SIMCE 

LlMCE provides link COS for the following circuit types: 

Data, common user, secure 
Data, common user, nonsecure 
TP, common user, secure 
TP, common user, nonsecure 
TTY, common user, secure. 

No actual simulation Is performed for TP, TTY, and data traffic. COS is 
calculated for common user circuits only, using the Erlang B formula and 
considering traffic requirements and link capacities. 
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SIMCE considers the conunand network separately from the area net- 
work., and considers Theater Army separauely from Corps and below.  Thus, 
four separate runs are required to obtain COS for the entire system.  Sys- 
tem GOS 1» obtained from link GOP when the links are weighted according 

to traffic requirements. 

GOS is also provided for net radio by SIMCE enhancement, a call-by- 
call simulation of a net radio system.  First, the model provides typical 
unit single-channel needlines by mode, precedence, frequency, length, and 
purpose (e.g., TUN 6 to TUN 7, voice, 6 routine messages, average length AO 
seconds, administrative).  Communications analysts will identify the single- 
channel nets available to each unit and specify the net to be used for each 
needline.  SIMCE randomly generates the appropriate number of messages for 
each net for the time period to be simulated.  If the net is not available 
when the message is to be sent, it enters a queue for that net.  At the end 
of the simulation, statistics are provided by net on the total number of 
messages that were queued.  This provides the GOS. 

2.3.2  Evaluation of Speed of Service 

Speed of service for TP and TTY traffic can be measured only by CASE. 
The model does not include store-and-forward switches and does not evaluate 
speed of service for data.  For TP traffic, CASE totals delay time at the 

node in terms of two factors: 

0 Queueing time (the waiting time for an available operator or 
plug; if over 20 seconds, the call is dropped); 

0 Seize time (the reaction time required by an operator to 
seize a plug and insert it into the switchboard. 

Required input data Includes switchboard characteristics, such as the 
number of plugs.  Manual, semiautomatic, and automatic switchboards can be 
simulated.  SOS by precedence is not calculated for TP traffic.       _____ 

For TTY traffic, CASE totals activity times for message handling by 
communications center personnel.  These personnel are the message center 
clerk, the clerk who prepares the message for transmission, the transmitting 
operator, and the receiving operator.  Statistics indicating SOS by prece- 
dence are provided. This output will be compared with JCS standards to 

obtain the value of the MOE. 

2.3.3 Evaluation of GOS^ Loss Due to Nodal Destruction 

This MOE is the reduction of system GOS due to destruction of the 
busiest node.  SIMCE will be used for the evaluation. 

The busiest node will be identified and removed from the network. 
Units attached to the destroyed node will not be reassigned to another 
node, since a lengthy time interval would be required by a signal organi- 
zation to perform this operation. After a node is destroyed, two possible 
situations exist, depending upon the knowledge of the users of the the sys- 
tem regarding the nodal destruction: 
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Foreknowli'Jge  -  each  user   In  the  system   is  aware of   the 
destrnrt Ion  of  the node,   and mensa^es are  rerouted  to  avoid 
that   node; 

0     No   foreknowledge -  messages  are  blocked at   the  destroyed 
node,   and  the previously  connected  units  continue  to  gene- 
rate   traffic. 

Normally,   most  network users will  be  instantly  aware of  the   total  des- 
truction  of  a node;   therefore,   foreknowledge will be  assumed  in the evalua- 
tion of  this  MOE.     SIMCE will be  run without   the busiest node  to obtain a 
new system GOS,     This  process of  identifying and destroying the busiest node 
and  then measuring  the  impact  of  that  destruction   is   reiterated until,   in 
the   judgement  of  the  communications analysts,   the  communications system 
fails   to provide minimal  acceptable  service. 

2. 3. ^t     Eval latlon  of  the Ability  to Adapt   to  Various  Ratios of Traffic  Types 

SIMCE will be used to measure the change in GOS when data traffic is 
increased  at   the  expense  of voice  traffic. 

The system busy hour will be identified from COMSR data. Communica- 
tions analysts will convert traffic volume by mode to a common denominator, 
to determine  percentages of traffic by  mode. 

For the purposes of this MOE, once these percentage levels are estab- 
lished, system COS will be calculated by weighting (according to the percen- 
tages) the separately calculated values of GOS by mode. Then the percentage 
of data traffic will W increased at the expense of voice, and new values of 
GOS will be calculated for both data and voice. These new values will be 
used for the calculation of a resultant system GOS. This process will be 
repeated  to  develop  a  curve of GOS-to-percent data. 

For  the MvH;,   data will replace voice on a one-to-one basis.     However, 
this  ratio will be  varied  in a sensitivity  analysis. 

l.k    COST ANALYSIS METHODOLOGY 

The  cost  analysis will  produce  the cost  information and estimates  re- 
quired in  Tasks  V,   VI,   and VII  of  the  INTACS program.     The objectives  of 
this  analysis  are  to: 

0     Provide  the system designers with  an  initial evaluation of 
the  likely  life-cycle costs  of  the alternative system designs 
and an  identification of  those  factors  that contribute  to  sig- 
nificant  cost differences among the alternatives; 

0     Provide  the decision-maker with a  ranking of the alternatives 
on  the basis  of  their life-cycle costs. 

Basic  assumptions and guidelines used in developing the cost analysis 
methodology  are presented, along with two cost approaches: one aimed at 
estimating total   life-cycle costs of alternatives  to aid in selecting a 
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preferred concept, and one to aid in programming, budgeting, and controlling 
the preferred alternative system concept.  fhese approaches are discussed 

fully in Subsections 2.4.1 and 2.4.2, respectively. 

The methodology presented in this section has been developed in acco- 
dance with USACDC Pamphlet 11-1 and AR 37-18.  Cost methodology, cost far tors, 
and CERs used, and formats for presentation of cost data, will be continu- 
ously reviewed by a US Army cost analysis activity to be designated by the 
COR.  Cost estimates developed for use in the cost effectiveness analysis 
will be provided to the same US Army cost analysis activity for review and 

validation. 

Task V will develop a candidate -.ommunications system for each alter- 
native concept and perform cost, effectiveness, and sensitivity analyses to 
recommend a preferred system.  Task VI will produce a detailed communications 
support plan based on the Government's selection of a preferred system.  For 
this plan, manpower and training costs for the specified organizations are 
required, along with adjusted procurement and inventory costs (based on 
identified equipment needs and inventory shortfalls) to aid in refining the 
materiel program.  A subset of the described LCC methodology will be used 

to determine these costs. 

in Task Vli. yearly costs will be required for programming, budgeting, 
and control purposes.  The methodology for time-allocated costing will be 
used to produce these cost estimates.  The following assumptions and guide- 
lines were used during the development of the cost methodology and are 

recommended for application in Task V: 

0  In accordance with the guidelines set forth in DoDI 7041.3, 
all R&D, investment, and operating costs will be expressed in 
current fiscal-year dollars.  Discounting will be based on an 
annual rate of 10 percent, as specified by DoDI 7041.3.  Dis- 
counting is necessary if costs incurred in future years are to 
be expressed in current fiscal-year dollars; 

0 Costs incurred prior to the current fiscal year will be con- 
sidered sunk, and will not be included in LCC calculations. 
While not included in the LCC, the sum costs will be provided 

for information; 

BasaUne costs will be analyzed using an "average 

value) estimate; 

(expected 

Learning curves will be applied to production cost estimates to 
adjust for quantity production where historical unit-cost esti- 
mates are based on other than expected production quantities; 

Past experience with communications systems studies have shown 
that, compared to the life-cycle cost of the whole system, the 
salvage value of the equipment being phased out is negligible, 

and therefore will not be considered; 

Peacetime operations will be used as a baseline in calculating 

operating costs; 
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Costs of existing facilities and equipment will be Included 
only when the asset has planned alternative use or is intended 
to be sold (the fair market value will be used to cost such 
assets); 

Cost uncertainties will be addressed through sensitivity 
analysis to determine changes in total LCC produced by a 
deviation in input. 

2.4.1   Approach to Life-Cyc1e Costing 

It is a well-accepted premise that, in comparing cost of alter- 
natives, one must consider all costs incurred over the lives of the 
alternatives rather than Just the initial outlays or procurement costs. 
If costs and benefits of the alternatives are reasonably well-known and 
can be quantified in some common unit (dollars), one can choose an alter- 
native on the basis of cost differences.  The costs and benefits common 
to all alternatives may be Ignored as irrelevant to the decision to be 
made. 

In Task V, however, the alternatives do not offer benefits (e.g., 
effectiveness) that can be quantified in terms of dollars.  It is possible, 
moreover, that a large fraction of total system costs are not common among 
alternatives; therefore, for ease of computation and to reduce the chance 
of omitting a cost difference, all life-cycle coats for each alternative 
will be considered. 

Costs common to alternatives will reduce the computational work- 
load, since they need to be computed only once for the baseline concept 
and are then available for costing of the alternative concepts. 

The structure of the LCC model has been determined by two factors: 
the form of the required output and the availability of current and histo- 
rical information as input.  The total LCC is broken into the following 
three basic categories: 

Research and development (R&D) cost 
Investment cost 
Operation and maintenance (O&M) cost. 

Cost breakdown structures for these categories are presented 
in Table 2.4-1.  Appendix B provides the specific formula, cost-estimating 
relationships (CERs), or criteria used to estimate each cost element 
in the LCC model.  The cost data base required by the LCC model is ad- 
dressed in Subsection 2.4.3, and applicable documentation is listed in 
Appendix C. 
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Baaed on the CERs presented In Appendix B, estimates of the life- 
cycle cost of each alternative will be developed. The costs of the alter- 
natives will be compared, and those system characteristics that contribute 
to cost differences will be identified. 

The results of this analysis will be presented to the system design- 
ers. Particular emphasis will be placed on identifying those system char- 
acteristics that contribute to major cost differences among the alterna- 
tives.  Based on these results, the designers will attempt to modify the 
Initial designs to reduce costs.  As modifications are developed by the 
designers, their effect on life-cycle costs will be calculated by the cost 
analysts.  This Iterative process will continue until the designers believe 
system costs are at their lowest values consistent with sound engineering 
practice, operational requirements, and effectiveness considerations. 

2.4.2 Approach to Time-Allocation of Costs 

Once a preferred communications system support plan has been defined, 
it is necessary to develop a schedule and procedure to implement the plan. 
Tlme-oviented cost estimates are necessary for budgeting and programming 
funds to control the implementation process. The objective of Task VII is 
to develop this Implementation plan for the preferred concept, and the 
time-allocation cost procedures described below are designed to supply 
needed cost estimates. 

The time-allocation cost model was designed for producing budgetary 
cost estimates.  The inputs available to the model are similar to those 
for the life-cycle cost tradeoff model.  The basic inputs consist of the 
detailed time-phased implementation and support plans containing required 
equipment, manpower, and materiel, plus actions required to field the sys- 
tem on a year-by-year basis.  The data base available is basically the 
same as that for life-cycle costing. 

The basic individual elements identified in the life-cycle cost 
section (Table 2.A-1) also represent the basic components of budgetary 
costs. More aggregate budget classifications do not coincide, however, 
with the major life-cycle cost categories. 

Budget classifications are obtained from DoD Manual 7110-1-M, wh.le 
Table 2.4-2 contains a list of applicable budgetary functional titles -ind 
their subdivisions. Not all of the subdivisions will be relevant to «.he 
communications support plan being considered, but all relevant life-r.ycle 
cost elements will be aggregated into one of the functional divisions, sub- 
divisions, or lower-level budget activities. 

While the output of the time-allocation model must be useful in 
budgeting and control, it need not be In final form for submlttsl to the 
DoD budget. The output of the model will not, in general, be In the form 
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TABLE 2.4-2 
Relevant Budget Functional Titles 

and Their Subdivisions 

Military Personnel 
Active forces 
Reserve forces 

Retired Military Personnel 

Operation and Maintenance 

Procurement 
Aircraft 
Missiles 
Ships 
Combat vehicles, weapons, and torpedoes 
Ordnance, vehicles, and related equipment 
Other procurement 

Research, development, test, and evaluation 
Military sciences 
Aircraft 
Missiles 
Military astronautics 
Ships and small craft 
Ordnance, combat vehicles, and related equipment 
Other equipment 
Program-wide management and support 
Emergency fund 

Military Construction 
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of budget program elements, but rather in the form of components of these 
program elements and functional categories that can be aggregated for bud- 
getary purposes.  These outputs will be in current-year dollars and on a 
year-by-year basis.  They must then be inflated or reduced by appropriate 
price-index factors for budgetary purposes or discounted by the appropriate 
factors and summed to give total discounted costs. 

The following is a list of time-allocation cost model outputs for 
each year required for budgetary purposes: 

Test and evaluation costs 
Training costs 
Equipment procurement costs 
Research and development costs 
Manpower costs 
Operating costs 
Logistical support costs. 

The equations required to compute these outputs are given in Section 2.0 
of Appendix B. 

2.4.3 Cost Data Base 

The data base required in the life-cycle costing procedure consists 
of numerous documents available at Martin Marietta, Booz-Allen, and the 
U.S. Army Electronics Command at Fort Monmouth, New Jersey, as listed in 
Appendix C.  These documents generally contain necessary unit cost esti- 
mates, personnel pay and training rate schedules, equipment descriptions, 
and cost factors and CERs for estimating relevant cost elements for each 
equipment and personnel type.  In addition to the information contained in 
the documents listed in Appendix C, data from concurrent tasks, Government- 
furnished documents, and contractor bids and estimates will also be used 
as sources of cost estimates and information.  Each relevant cost element 
will be estimated using the best available data. 

A review of the equipment lists prepared during Task IV shows that 
cost estimates for most of the equipment will be directly available or 
can be derived on the basis of past experience with items of similar nature 
and complexity.  If an estimate is based on analogy, the items used as a 
data base will be documented along with a summary of assumptions used, dif- 
ferences between the analogous items and the item estimated, and how such 
differences were treated. 

For most cost estimttes, some degree of uncertainty will exist; there- 
fore, the cost estimates will be stated in terms of the most likely value, 
the,lowest value, and the most pessimistic (highest) value.  A statement 
that identifies areas of uncertainty and the degree of uncertainty associ- 
ated with the estimate will also be Included. 
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2.A.A  Coat Sensitivity Analysis 

In general, sensitivity analysis is a means of considering uncer- 
tainty,  in Task V, some of the Input parameters (e.g.. cost factors and 
estimates) will be fairly well-known, while others may consist of the 
"best guess" over a wide range of possible values.  The results of the 
baseline analysis using best estimates may point out certain key "sump- 
tions or input parameters that impact highly on the results.  Also little 
may be known about a set of inputs, so that estimates may be subject to 
larger etrur.  These are the assumptions and Inputs that must be subject 

to sensitivity analysis. 

Cost sensitivity analysis consists of changing an assumption or 
an input parameter by a specified amount and determining the effect this 
has on the estimate of total life-cycle cost.  Each sensitivity analysis 
will coneist of selecting the assumption or parameter to be varied, deter- 
mining the equipment, organizations, and cost categories affected by the 
change, and calculating the resultant estimated costs for each of the 

affected categories. 

Sensitivity analysis will aid in selecting the preferred alterna- 
tive by providing the tradeoff analysis with the life-cycle cost of alter- 
native concepts under different sets of assumptions and estimates of l-.put 

parameters. 

Some possible candidate subjects for sensitivity analysis include 
the number of operators and maintenance personnel required under alterna- 
tive concepts; unit cost estimates for equipment in the conceptual stage 
of development; and research and development costs for nonexistent equip- 
ment.  Specific subjects of sensitivity analysis will be determined in tne 
Task V cost analysis and from Government-provided parameters. 

2.4.5  Cost Constraint Methodology 

It must be emphasized that the cost constraint considerations do not 
constitute a "design to cost" procedure, in any sense of the Phrase.  The 
INTACS design procedure, in keeping with the INTACS Statement of Work, is by 
definition unconstrained, inasmuch as the objective is to design and recom- 
mend a mid range time fram. system that meets the communications support 
requirements (COMSRs) with maximum effectiveness and at minimum cost.  The 
cost constraint considerations, which are based on guidance provided by the 
SAG. are included in order that the Army can be assured that the resultant 
recommended system is fiscally obtainable within a reasonable acquisition 

period. 

Three types of cost constraints will be applied in the evaluation of 

mid range time frame alternative systems: 

0 "Ballpark" system cost constraints 
0 Target system life-cycle cost constraints 
0 Time-allocated cost constraints. 

- 
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the GOS  to which he will design. 

 4/,a_ ,.1,- avstem cost analyst, designer, 

Sit iTSt Candida» eyste«. will be cohered. 

.    »v,Q rimp-allocated cost constraint,  is  the 
The third cost constraint,   the t1«* ^°"^e uged ln Ta8k VII: MRTF 

yearly conununtcations budget  co"s"ai; fl^' Wil1 

Co^nunications System Implementation Planning. 

F1ve basic steps must be followed in employing these cost constraints 

within Task V; 

of service.  The COMSRs will remain constant. 

- The third step is to design the three candidate systems to 

meet this grade of service. 

task objective of Wimum effectiveness at minimum 

cost". 

cost constraint. 

2.4.5.1    Ballpark Cost Constraint 

As 9tated prevlouely,  the baUpaYystemde.lgncon.tr.lnt 1. 

three basic inputs are used: 

SSTSSi 0^0-^»= co*.t, co*« .upport. M 
combat service support.) 

0    The COMSRs are input to the model. 
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0  Hie SIMCE model i*   then run, varying the input grade of 
service required between units.  Based on this sequence of 
runs, channel capacity versus GOS curves are developed. 

Concurrently, for each of the typical unita selected, the unit's capacity 
to tnnsmtt/receive information (as measured by the number of terminal 1/0 
devices that he possesses) Is determined in erlangs.  The quantitative 
cost of the typical unit's terminal I/O equipment is determined.  In 
addition, the percentage of the total unit communications hardware cost 
is determine.  The relationship between the channel capacity (in erlangs) 
and rost is established and averaged over the set of typical units, and 
the telative-cost/present-cost versus GOS curves are developed.  These 
curves then establish the functional relationship between the basic three 
variables: relative cost in dollars, grade of service, and the COMSRs 
(where the COMSRs, as stated earlier, remain constant). 

The relationships are prjvided to the Government for a decision 
on the design GOS that the mid ran^e time frame systems are to meet. 

2.4.5.2  Life-Cycle Cost Constraint 

Testing and refinement of candidate mid range time frame systems to 
a life-cycle cost constraint depends upon the definition of the Government- 
provided cost constraint.  As a minimum, the life-cycle cost constraint must 
be a target figure with a variance in percent.  The total life-cycle cost 
must be broken down into types of funds (RDT&E, MPA, PEMA/OPA, OMA) oy cost 
limitation.  In Subtask 4, the cost analyst determines and compares the cost 
of the candidate systems, identifying excessive costs and areas of system 
drsign which attribute to these costs.  Based on the results of the cost 
analysis, the system designer refines/modifies the areas of system design 
that will reduce/minimize cost.  The system designer then resubmits his de- 
sign to the cost analyst for comparative analysis. 

2.5  RISK ANALYSIS METHODOLOGY 

A risk analysis is performed because the selection of a preferred 
alternative based only on consideration of cost and effectiveness 
figures could lead to erroneous conclusions.  This possibility exists be- 
cause the implementation of an alternative system may require development 
of new equipments not currently available in the civilian or military 

inventories. 

In carrying out such development, it is possible that equipment with 
the required characteristics cannot be developed within the time period 
involved.  The probability that this may occur is related to the value of 
the risk figure of merit, which is designed to flag potential problems in 
the realization of an equipment.  Based on an examination of the equipment 
list approved by SAG, no technical risk is associated with the equipment to 
be considered for the mid range time frame (i.e., the risk is considered to 
be zero).  All equipment is, at present, technically feasible, and time is 
not considered a risk in terms of equipment availability for the MRTF. 
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2.6  SYSTEM EFFKCTIVENESS ANALYSIS 

This section provides the fundamental approach taken by the study team 
in establiahing a sound methodology and generating reasonable criteria that 
will permit the orderly evaluation, comparison, and ranking of proposed 

alternative concepts. 

The section summarizes the areas of effectiveness, aspects, and mea- 
sures of effectiveness proposed for employment in the analysis of INTACS 
alternatives.  Each area Is presented, along with the aspects directly re- 
lated to the evaluation of the INTACS alternatives.  Quantitative measures 
of effectiveness (MOEs) are derived for those aspects that can be quantified. 

Qualitative MOEs are proposed for aspects where quantification is im- 
practicable.  In these Instances, a systematic (albeit qualitative) proce- 
dure is proposed for evaluating each alternative.  With reference to quali- 
tative aspects, appropriate questions will be posed, the answers to which 
are expected to distinguish the alternatives.  Responses will be converted 
to a dimensionless value within a predetermined scale (e.g., 1 to 10) 
assigned for formal group concensus and based on: 

o 

o 

The difference between the proposed alternative and the base- 
line system; 

Subjective opinion on the increase or decrease in system effec- 
tiveness resulting from this difference. 

The aspects and areas of effectiveness result in quantitative and 
qualitative assessments of the system's capabilities.  These assessments, 
which have a multitude of dimensions, must be reduced to the single, dimen- 
sionless quantity used to rank-order the communications system concepts. 
This single number also facilitates comparison of a large number of unre- 
lated pieces of information on each alternative.  The single quantity, or 
system utility, is not meant to be the final result of the effectiveness 
analysis, but to be used in conjunction with two other outputs: sensitivity 
analysis and the identification of underlying factors that contribute to 
the system utility.  Together, these outputs will be employed in the rank- 
ordering of the system alternatives. 

In ordinary terms, the basic approach can be stated simply as an en- 
deavor to quantify areas and aspects (if feasible), and resort to qualita- 
tive scaling of aspects where quantification is not feasible (relying on 
the judgement of qualified experts).  The final step in the approach will 
be the coherent use of the measurements by a system utility measurement 
procedure to arrive at a figure of merit for determining priorities of 
alternatives. 
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2.6.1 Areas, Aspects, and Measures of Effectiveness 

Areas of effectiveness are broad categories of capability relevant 
to the system alternatives to be evaluated and the operational situations 
within which they are to be analyzed. Fourteen such areas were specified 
for analysis: 

Quality of service 
0 Mobility 
c  Transportability 
0 Vulnerability 

Survivability 
0 Flexibility 
0 Reliability 

Logistical support 
0 Security 
0 Operability 

Standardization 
0 Maintainability 

RF spectrum requirements 
0 Klectromagnetic compatibility. 

After determining the pertinent areas of effectiveness, aspects 
within each area were selected on the basis that: 

The aspects are important considerations within the area; 

Evaluation of the aspects will distinguish the concepts at 
the system level or at the echelons of brigade, division, 
or higher. 

Once the aspects were identified, consideration was given to the 
specific features within each aspect that contribute significantly to 
evaluation of the aspect and differentiation of the concepts. If the fea- 
ture could be quantitatively measured (with data and models available to 
this project), a quantitative MOE was specified.  If the feature was either 
qualitative in nature or required subjective estimation of a quantitative 
value, then the methodolog" for highlighting the feature was specified.  Commu- 
nications analysts will assign a qualitative MOE to each concept, indicating 
the resultant degree of improvement or degradation in system performance 
(from the baseline concept). The MOEs are listed in Subsection 2.6.2.3 and 
defined in Appendix A.  Also, Appendix A specifies the estimation techniques 
and assumptions employed in the development of each MOE. 

Some MOEs will be evaluated by examining performance in specific 
situations provided in a communications-oriented scenario. The scenario 
involves a fixed deployment of a Theater Army in a mld-lntenslty combat en- 
vironment in Europe. Communications needllnes have been determined, user 
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communication re jul reinen 
hours havf- b^en identifi 
cations requirements bas 
provide a critical point 
Identified. These situa 
ferent echelons have the 
Some MOEs will be evalua 
munications requirements 

ts have been estimated, and unit and system busy 
ed.  Each concept will be sized to satisfy communi- 
ed on this scenario.  Situations in the scenario vhich 
and best time for evaluation of the MOE w'll be 

tions may vary in time for the same MOE if the dif- 
ir critical events (or busy hours) at different times. 
tod  by the SIMCE or CAGE models, taking scenario com- 
and resultant equipment deployments as Input. 

Additionally, several MOEs are based on outputs provided by the 
electromagnetic compatibility/electromagnetic vulnerability (EMC/EMV) 
analysis oonduoted by the Electromagnetic Environmental Test Facility (EMETF) 
of the U.S. Army Electronic Proving Ground (USAEPG).  The analysis will be 
run on an Army-developed test bed thit is based on a mid-intensity combat 
scenario with appropriate friendly and enemy force models used in conjunc- 
tion with statistical terrain propagation characteristics. 

2.6.2  Effectiveness Utility Method 

The purpose of this section is to explain the development of effec- 
tiveness utility methods and to illustrate their u^a  in conjunction with 
measures of effectiveness in determining an overall figure of merit for a 
given system alternative.  This section endeavors to answer the following 
questions: 

0 How are utility values determined? 
0  How will utility values be used? 

The importance of tiiase two steps should not be overlooked.  Estab- 
lishment of a coherent relationship between utility values and measures of 
effectiveness to achieve credible figures of merit will significantly im- 
pact the effort to identify the preferred system. 

In a theoretical sense, utility is a dimensionless number assigned 
to each system alternative indicating its relative effectiveness with 
respect to particular measures of effectiveness.  The concept of utility 
serves two purposes; first, it reduces quantitative and qualitative assess- 
ments of different dimensions to a single dimensionless quantity, which 
is used as a figure of merit.  Secondly, it provides a vehicle for indi- 
cating actual effectiveness differences rhat result from differences in 
quantitative assessment of system parameters.  The POM, as a representa- 
tion of system effectiveness in terms of a single number, facilitates 
cost/effectiveness tradeoff analysis and comparison of a large number of 
unrelated pieces of information on each alternative.  The FOM is not 
intended to be the final result of effectiveness analysis, but only one 
of the outputs.  Sensitivity analysis and identification of the driving 
forces behind FOM results are also important considerations. 

If the methodology for combining diverse measures into a single FOM 
is to be successful, it should satisfy certain requirements.  These are 
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casroJ^NTAr^^1"111'6/"11 Ultlmate  USe 0f   the deSlred OUtPut-     *  ** case  of   INTACS,   the   requirements  are  as   follows: 

Dlmenslonless  units  should be of uniform value; 

The  source of  FOM differences  should be   identifiable  (all 
effectiveness analyses will be  listed); 

The present communications system should be used as a 
baseline  for comparison p-irposes  only; 

Conversion  to utility s'.ould be done during the evaluation 
of  each system,  so that  transformations necessary to 
achieve  linearity can be made; 

The methodology should be understandable  to  the group 
making value judgements; 

Implementation should be achievable within  the  INTACS 
schedule. 

In  addition,   constraints  imposed by  the magnitude and depth of  INTACS are: 

'    Some Inputs will be subjective; 
|     Some  inputs will be  qualitative; 

A value judgement of all MOEs at one time  is  impractical. 

hvhrMH After \reuieW 0f available reference material and previous work,  a 
hybrid  approach  that satisfies all  requirements and constraints was synihe- 
or syste^tiUtv    ^8y Provfde8 an acceptable means of obtaining an FOM. 
Senr^^t S'are" "* *1"™^-     ** "ePs  to be completed in 

Allocation of utility 
Evaluation of each alternative 
Calculation of  FOM. 

These  steps are  explained in the subsections  that  follow. 

2-6'2.1    Utility  /Ulocation 

dlvi^H    The a^ocati°n Process  is a method by which the total utility is 
divided  among the various MOEs in accordance with their relative contribÜ- 

Te^lZTZ1:^3 8y8ten effecti—    ^e steps required Tco^ete 

•    Designate numerical value of total utility 
o    Allocate total utility to areas 
o    Allocate each area utility to its aspects 

Allocate each aspect utility to its MOEs. 

  ■■ 
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Initially, an appropriate number of utility units, or utiles, must 
be designated for the total utility.  This is an arbitrary number selected 
by the analyst to provide a ronvenlent degree of resolution. 

To iitnit the number of elements that mucr be considered at one 
time, distribution of total, utility is separated into three stages.  The 
first stage Is to distribute the total utility among the areas of effec- 
tiveness (AüEs).  The basis for allocation is the relative importance of 
each commun i c.i t ions system factor under consideration.  After the initial 
allocation by   group concensus, a thcrough review of all the relative 
values may dictate further modification.  Of the utmost importance Is 
that the group fully understand the concept of utility and be cognizant 
of all the Implications contained in the final product.  At this point, 
each AOE will have an assigned utility, and the sum of all these area 
utilities will be equal to the total utility. 

In the second stage, each area utility is subdivided into aspect 
utilities through the same group concensus allocation process.  Finally, 
In the third stage, the MOE utilities are derived from aspect utilities by 
using a similar methodology. 

This procedure permits uniform units of utility to be maintained 
at every stage, which enables direct comparison of componen.'.s within the 
network.  An axample is presented in Figure 2.6-1.  In this figure, 12. 
measures occur at the MOE level, allowing a reasonable choice for total 
utility )f 120 utiles.  A typical allocation, which finds seven measures 
on the aspect level, is shown in the figure.  Those areas of Interest are 
located on the area level, immediately below total utility.  Therefore, in 
effect, the figure depicts 12 MOEs grouped into seven aspects that are 
reduced to three area groups, all comprising the total. 

v 

Since the utility units are uniform throughout, the relative value 
may be determined for any component.  For example, to Illustrate this 
point, note that the MOE at block. 2/1/1 was awarded 25 utiles, and is 
considered more important than the entire area (block 1) at a higher 

level with only 20 utiles. 

The actual allocation of utility has been performed by the Army; it 
was based upon an analysis and synthesis of results from the allocations of 
four independent teams of active Army officers.  The results are provided in 
Appendix A.  These results will be analyzed to determine whether or not the 
number of MOEs may be reduced.  If an MOE has little effect on the figure 
of merit, it is a candidate for elimination.  An example of this approach is 
presented in Appendix F.         

2.6.2.2  Evaluation of Alternatives 

Once a utility value Is established for each MOE, the communica- 
tions systems under consideration will be rated.  The methodology will con- 
sider one MOE at a time, and will evaluate the performance of each system 
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with respect to that Indicator.  Hie present system will be adopted as ■ 
baseline and assigned the zero value of MOE utility.  Other alternatives 
will be Judged relative to this standard, and will be awarded appropriate 
utility by group concensus.  As an example, observe the problem outlined 
in Figure 2.6-2.  Consider that MOE (time to complete call) is allocated 4 
utiles; three systems (A, B, C) are to be evaluated; and System A is the 
present system.  System A would be given a value of 0 utiles.  Slightly lower 
effectiveness in System B would be rated -1 utile, whii.e a significantly 
better System C would be awarded the maximum of 4 utiles.  The process 
continues until each system has been evaluated with respect to every MOE. 

At this point, the procedure is not affected when alternatives 
are evaluated relative' to the qualitative MOEs.  In this case, the answers 
to questions stated in the MOE description will form a basis for compari- 
son, with the present system still representative of a haseline and assigned 
a zero utility.  An example of the evaluation process is presented in 

Appendix E. 

2.6.2.3 Dstermination of Figure of Merit 

The FOM for each system is calculated by a summation of its per- 
formance on all MOEs, as shown in Table 2.6-1.  These results are used to 
rank the alternatives on an effectiveness basis.  The table, in the simple 
format shown, will serve as a scoreboard to record relative FOMs and sub- 

sequent rankings. 

This section summarizes the procedural aspects that describe how 
the measurement tools will be used in an orderly scaling process to deter- 
mine relative values and a system prioritization of competing alternatives. 
Other utility measurement methods are available, but the techniques ex- 
plained in this section were considered most applicable to the problem at 
hand. 

2.7  SENSITIVITY ANALYSIS 

In general, sensitivity analysis is a means of considering uncertainty. 
In Task V, some of the input parameters will be fairly well-known, while 
others may consist of the "best guess" over a wide range of possible values. 
The results of the analysis, using best estimates, may point out certain 
key assumptions or input parameters that impact highly on the results. Also, 
little may be known about a set of inputs, so that estimates may be subject 
to error.  In addition, the subjective judgement required for qualitative 
MOEs and utility allocation may contribute to a lack of precision.  These are 
the assumptions and inputs that will be subject to sensitivity analysis.  An 
example of this analysis is presented in Appendix E. 
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MOE UTILITY - FOUR UTILES 

System 
MOE 
(sec) Utility 

A (baseline) 3 
i 

0 

B 4 -1 

C 1.1 4 

4T C 

3 -- 

2 - 

1 - 

0-- A 

-'.. B 

-2 1 
UTILES 

FIGURE 2.6-2  MOE Conversion to Utility 
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TABLE 2.6-1 
Figure of Merit and System Ranking 

System 

Quantitative 

MOE Utility 

Qualitative 

MOE Utility 

Total 

(FOM) 

  

Rank 

A XX XX XX XX XX XX XX XXXX X 

I XX XX XX XX XX XX XX xxxx X 

C XX XX XX XX XX XX XX XXXX X 

D XX XX XX XX XX XX XX xxxx X 
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2.7.1 Patan>g':er Senaitivlty Analysts 

Faraoeter sensitivity analysis consists of changing an assumption or 
input parameter by a specified amount and determining the effect this has 
on the FOM.  Each sensitivity analysis will consist of selecting the assump- 
tion or parameter to be varied, determining the MOEs affected by the change, 
and calculating the reeultant FOM.  A suggested approach is to vary the in- 
put parameter by 5 percent of its value and determine the percentage change 
in the FOM.  The parameter that produces the greatest change in the FOM is 
the most sensitive. 

Sensitivity analysis will aid in selecting the preferred alternative 
by providing the tradeoff analysis with an FOM for alternative concepts 
under different sets of assumptions and estimates of input parameters.  Sen- 
sitivity of the FOM to the qualitative MOEs will be addressed.  Specific 
input parameters to be varied include the following: 

0 Number of nodes in the area system 
0 Multichannel routing schemes in both SIMCE and CASE 
e Hold time (message length) 
' Busy-hour traffic. 

2.7.2 Utility Allocation Sensitivity Analysis 

The purpose of this analysis is to determine the effect of a slightly 
different utility allocation on the figure of merit for each system. To 
illustrate the importance of this concept, consider the evaluation of two 
alternatives (Systems A and B) outlined in Figures 2.7-1 and 2.7-2.  TVo 
MOEs are used; System A offers significant improvement in the parameter 
assessed by MOE-1, and slight improvement with respect to MOE-2. For Sys- 
tem B, the data is slight improvement In MOE-1 and significant inptovement 
in MOE-2.  Assume that 10 utiles are allotted: an initial ailocatlcn of 8 
utiles for MOE-1 and 2 for MOE-2 is made.  After the evaluation shown in 
Figure 2.7-1, System A would be the preferred alternative, with 9 utiles, 
compared to 6 utiles for System B.  If a second allocation is made with 
MOE-1 reduced to 4 utiles and MOE-2 increased to 6 utiles, the ranking is 
changed as shown in Figure 2.7-2.  System B is highest, with 8 utiles, 
compared to 7 utiles for System A, thus reversing the previous ranking. 

Obviously, the allocation process is not exact.  An MOE could vary 
in utility if a different group made the allocation, or even if the same 
group repeated the process on a different occasion.  It is important to 
determine whether or not a change in the allocation could affect the rank- 
ing, and this is the purpose of utility sensitivity analysis. 

One part of the sensitivity analysis is to vary each MOE utility a 
fixed percentage and examine the effect on ranking.  This will be done for 
each system to see if Che ranking changes under the most adverse combina- 
tion of variations. A second task is to establish, for each system, an 
allocation that allows that particular system to rank highest. The feasi- 
bility of each allocation will be discussed in the Task V Final Report. 
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FIGURE 2.7-1  Initial Allocation 

38 

"   -- '- ^^.^^^^^*.^^^ ^^^^.^a^ ^ . _t._^M^^.^,.f^. ^^/.^..^^ .. , .■,.,,,.■.■:. _.J... _..      iifciMHiflürti-üiiiii^Vi.r         „^■■■^J^*—^MiäaJiM 



•piiwijiajui.i "ww"^!^ ^*mmm 

10 
Utiles 

I Utllesl 

MOE-1 

U  '   _J 
6 

Utiles 

MOE-2 

* Allocation 

MOE-1 

A -T- A 

1 

MOE-2 

6 -r-B 

0—       o 

Utiles      utiles 

i Evaluation 

System A ^V^tiles 

System B 1^7 utiles Ranking 

FIGURE 2.7-2  Second Allocation 

39 

Hlai^UIMii  --    -    --'—■■■ -—-—--^ ■ - Mil   ^lliill il      i       ■     - -- ■ —^i 



2.8    gOSÜSBSSSBm  TRADEOFF ANALYSIS AND  RANK-ORDERING METHODOlonv 

I   ,     The.1
fiinu1  PuaSe 0f  the aPPllcation •»«  the  cost/effectiveness metho- 

dology will be  the development  of  a tradeoff  procedure oriented  toward 
the  selection  of a preferred alternative.     The  results of  the  cost    effec- 

SSTimt: :"d
d
s:n8itrity raly8es for ^Divisi-' ^^T 

T^I ^   i  J t0 8eleCt  the Pref"red alternative  at  each echelon The methodology will be applied as  follows: ecneion. 

Develop a  tradeoff  analysis summary  table 

Identify the dominated alternatives 

Identify alternatives  that exceed cost thresholds 

Identify high-risk  alternatives 

Perform cost/effectiveness sensitivity analysis 

Select and refine  the preferred alternative. 

Each of the above steps will be  discussed in  the remainder of this section. 

2.8.1 Development  of Tradeoff Analysis Summary  Table 

2-8-2    "entlfication of Dominated AlternaMv»« 

The next step in the methodology will be  to iH0„tMf„  -u 
tives clearly dominated by other alteLtives in on,f      ^    ^ aUerna" 
risk.     Entries  in Table 2  8-1 will  h!T    <  V       J*'  ef fectiveness, and 
costs  and  lower effectivLss   than  CLLM ,'   ^ alternativ^ "ith hipher 

altematlves. significantly less effectiveness than other 

4n sltematlve should not be eliminated If It hi» i-k. f„ii     , 
characterlatlcs relative to the other alteratives- following 

Slightly greater cost 
Slightly less effectiveness 
Lower risk. 
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Alternatives with these characteristics will he examined in the sensitivity 
phase of the tradeoff. 

2.8.3 Identification of Alternatives that Exceed Cost Thresholds 

The third step will be to identify alternatives wherein cost dif- 
ferences are so significant as to Indicate that the alternative will, in 
all likelihood, exceed cost thresholds provided by the Army.  This step 
will require consideration of expected acceptable costs for particular 
equipments.  Significant cost differences between alternatives will accrue 
from the approaches adopted for phase-'n/phase-out stages, the number of 
equipments, and the resources for new developments. 

2.8.4 Identification of High-Rlsk Alternatives 

The fourth step in the tradeoff methodology will be to identify those 
alternatives characterized by high risk along with a low compensating dif- 
ferential in cost and effectiveness as compared to the other alternatives. 
Those alternatives with high risks, costs below threshold, and relatively 
high effectiveness will be considered as candidates in the selection of the 
preferred alternative.  Alternatives separated by this step will most likely 
consist of equipment that will require development programs but not eventu- 
ally contribute to a decrease in per-unit cost or a substantial increase in 
effectiveness. 

2.8. S  Performance of Cost/Effectiveness Sensitivity Analysis 

The fifth step of the tradeoff methodology provides the basis for 
selecting the preferred alternative from the remaining set.  The cost, 
effectiveness, and risk of the alternatives will be expressed as a percen- 
tage of the least cost alternatives.  These numbers will indicate the per- 
centage increase/decrease in effectiveness obtained for the percentage 
increase In cost.  Ire percentage change in risk will also be noted. 

2.8.6  Srlection and Refinement of the Preferred Alternative 

Flaal selection of a preferred alternative over those remaining will 
be based on Step 5 of the methodology and a consideration of Table 2.8-1. 
The results of Step 5 will be the primary consideration, although an  exami- 
nation of Table 2.8-1 will also be necessary, since some special attributes 
of the alternatives might not be reflected in the analysis. 

After the preferred alternative is selected, it will be refined to 
obtain the optimal system.  Weak areas of the system will be identified 
and improved if possible.  The process may involve combining parts of an 
alternative system with the preferred system to attain the best performance. 
Once the alterations are complete, the evaluation process will be repeated 
to validate the changes. 
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1 
A summary paper will be developed  to document   the analysis  and  the 

rationale behind  the selection of  the preferred alternative.     It will  con- 
tain  the  following sections: 

Summary description of the alternatives; 
•    Results o..   the analysis  as presented In Table 2.8-1; 

Summary of the nethod by which Table 2.8-1 entries were 
determined; 
Audit  trails of subjective judgement  in effectiveness 
evaluation; 
Rationale to explain  the selection of  the preferred 
alternative. 

This supporting paper will document  the tradeoff methodology. 
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APPENDIX A 
EFFECTIVENESS AREAS, ASPECTS, AND MEASURES 

1.0  INTRODUCTION 

This appendix details the ireas, aspects, and measures of system 
effectiveness that were previously outlined in Section 2.6.  The utility 
allocation for these MOEs is provided in Section 3.0 of this appendix. 

The areas of effectiveness are broad categories of system capability 
relevant to the MRTF concepts that are to be evaluated and to the opera- 
tional situations in which these concepts are to be evaluated.  One or more 
aspects are identified and defined within each area of effectiveness.  These 
aspects were selected on the basis that they are important facets of the 
area and are expected to distinguish the concepts at the system or echelon 
level. 

Quantitative and qualitative measures of effectiveness are defined 
for each aspect.  Procedures for evaluation or estimation of the measures 
are outlined, including identification of any assumptions made. Any require- 
ment for Government-furnished information is also identified. 

The term "communications analyst", as used in this appendix, refers 
to the members of the Martin Marletta/Booz Allen study team. Two types of 
individuals are covered by this designation: 

Retired Army signal officers who are crrrently employed by 
Martin Marietta or Booz Allen and who have been assigned po 
the INTACS study team; 

Operations research analysts employed by Martin Marietta or 
Bcoz Allen and assigned to the INTACS effort. 

These individuals will apply the subjective considerations required to make 
the qualitative evaluations called for in the methodology. 
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2.0     AtlEAS.  ASPECTS.   AND MEASURES OF EFFECT!VENKSS 

The presentation  technique will be  the same  for each of  the 1A  areas 
and will  contain  subparagraphs  in a standard ordering,  as  follower 

Area of effectiveness 

Aspect of effectiveness   (within  the area) 

Quantitative measure of effectiveness  (within the aspect) 

Estimation procedures   for  the quantitative MOEs and for the 
qualitative MOE,   if applicable 

Assumptions made and soutces of information. 

2.1    AKEA:   QUALITY OF SERVICE 

Quality of service is defined as  the ability of a communications system 
to effect successful first-try call  initiation in a timely manner ard with 
intelligible message transmission.     Quality of service includes  the follow- 
ing three aspects: 

Grade of service 
Speed of service 
Information quality. 

2.1.1    Aspect;   Grade of Service 

The  grade of service   (GOS)   is  defined  as  the probability  that a given 
transmission will not be blocked at some point in the path between the trans- 
mitting user and the receiving user. 

2.1.1.1 Quantitative Measure of Effectiveness 

The grade-of-service MOE is defined as the probability  that a sub- 
scriber s call attempt will not be blocked. 

2.1.1.2 Estimation Procedures 

TTY      T^ ?a
radei0f,8erIiC.e iS determlned separately for voice, data,  fax,  and 

TTY.     It is  calculated for each link,  and the measure is weighted by th^        * 

A-4 

..   i i-^ IM «111 MI i MMfti*—MM u i      ■— — ■-- ■     i—in   mmm 



volume of traffic on each link.  The GOS for a particular conmunications 
mode Is computed as follows: 

GOS - —— Ee. GOS. 
ri   i *    i 

where 

GOS. 

= total traffic on the i  link 

= grade of service for the ith link. 

GOSi  is determined by CASE for TP and TTY, and by SIMCE for data 
and net radio.  GOSj for MARTS is computed by using a special queuelng 
algorithm to represent the multiple channels available to the user. 

2.1.1.3 Assumptions and Estimation Conditions 

The following assumptions and estimation conditions are made: 

The call attempt is made during busy-hour traffic; 

0 A .1 equipment is operational. 

2.1.2 Aspect: Speed of Service 

Speed of service (SOS) is the total delay time from the moment the 
message enters the system until the receiving unit begins to receive the 
message. 

2.1.2.1 Quantitative Measure of Effectiveness 

The speed-of-service MOE is defined as the probability that the 
total delay time ot  a message is within the acceptable limits for messages 
of that precedence. 

2.1.2.2 Estimation Procedures 

For each message transmitted, totals will be accumulated to 
reflect transmission time, time in queue, and total processing time. 
From this Information, message delay time will be calculated (excluding 
actual message transmission time).  For each mode (except TTY), speed 
of service will be calculated as the average message delay time. 

Four precedences are handled by the CASE model for TTY: flash, 
immediate, priority, and routine.  Message delay will be compared with JCS 
standards for each precedence.  Statistics will be accumulated for each 
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precedence,   to  Indicate  the p«rc«ntage     t   aMaagea  that have a total delay 
within  the  acceptabU   limits.     These   four  percentages will be  averaged  to 
give one  value  for speed  of  service   for  TTY. 

2.1.2.3    Aasumptions  and   Kstlmatlon  Conditlons 

The  following assumptions  and estimation  conditions  are made: 

0     The  call  attempt   is  made  during busy-hour  traffic; 

0 All equipment is operational. 

2.1.3    Aspect:   Information quality 

The degree  to which  a candidate  concept successfully passes  messages 
that meet  minimum signal-to-noise  criteria  for the mode of  transmission 
used   is  indicated by  the  EMC/EMV -oramunicabllity  scores.     For example,   in 
the communicabiltty subtest.   the differing RF S/N ratio and signal  strength 
requirements   for an HF  receiver  to provide  adequate  speech  intelligibility 
(when used on  single sideband  circuit)  or  text   intelligibility   (as when 
used on  teletype  circuits)   are  taken  into  account by specifying different 
minimum signal  requirements when used  in  different  modes.     In  the commoni- 
cability  subtest,   the probabilities of  satisfactory  operation  (P(SO))   are 
evaluated  for  links  between  friendly  transmitters  and  their  Intended  re- 
ceivers without  considering  Interference.     The  EMC/EMV analysis  combines 
these  P(SO)   into system effectiveness   (SE)   scores   for net  types. 

2.1.3.1 quantitative Measure of  Effectiveness 

System coramunicability  score. 

2.1.3.2 Estimation Procedures 

The  EMC/EMV communicability output  consists  of  a list of  SE scores 
by net  type.     The MOE is  a weighted  arithmetical mean of  the SE scores  on 
the basis  of  the number of nets of   the net  type and a weighted value  for  tne 
net  type  determined by  conununications   analysts*: 

cs 

E    Vt Nt (Sl)t 

 (0<C„<100) 
T 
c 

t=i 
I     Vt  Nt 

where 
Cc    ■ the system communicability score 

T      = number of  different  discrete  types 

Where  applicable,   these will  be  taken  from DACE-CMS-E letter of  27  December 
1973,   Subject:   Standards   for Weighting Communications  and Electronics Nets 
and Links  in  Simulated Force Models. 
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t =  a dlscrett! net  type,   t=l,   2,   3,   4,   ....  T 

v
t ■  value of net  t   (0< Vt < 10) 

Nt        ■ number of nets of net types  t in the system, 
Nt  -  1,   2,   3,  4,   ... 

(SE)  = communlcabillty system effectiveness score for 
net type t. 

2.1.3.3 AsBumptions and Estimation Conditions 

The following assumptions and estimation conditions are made: 

No jamming or unintentional interference is present In 
thp communicability subtest; 

0 Tho predominant factors that affect satisfactory recep- 
tion of signals are effective radiated power, path atten- 
uation, and receiver sensitivity; 

0  Cumulative noise In multilink transitions and signal con- 
ditioning, pulse shape restoration, etc., are not considered. 

2.2  AREA: MOBILITY 

Mobility Is defined as the capability of the system to permit users to 
move from place to place while retaining the ability to fulfill thel" pri- 
mary mission.  it includes the following two aspects: 

0  Physical setup/teardown tine 
0  Ability to communicate during moves, 

2.2.1  Aspect: Physical Setup/Teardown Time 

The concepts will be evaluated according to the average time required 
to set up or tear down critical equipment or assemblages of equipment under 
normal system conditions. 

2.2.1.1 Quantitative Measure of Eftectiveness 

Physical setup/teardown time. 

2.2.1.2 Estimation Procedures 

Communications analysts will identify the CE equipment that is con- 
sidered critical to system performance and that differs among the concepts. 
Additionally, major assemblages of equipment (e.g., radio terminal set, 
command center, operations center) will be specified and evaluated. 
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From StfCup/teardown procedures tor the individual equipment, re- 
quired man-minutes (by MOS, if appropriate) will be estimated by Communi- 
cations analysts. 

The critical path for setup/teardown time for both critical equip- 
ment and major assemblages of equipment will be determined by considering 
the required sequence of events in setup/teardown procedures and the man- 
power restrictions (e.g., same individual responsible for several pieces of 
equipment).  The time along this critical path is the actual measure of 
setup/teardown time. 

2.2.1.3 Assumptions and Estimation Conditions 

For pquLpment in the current inventory, setup/teardown procedures 
will be determined from technical manuals. 

Communications analysts will estimate setup/teardown times for 
equipment in R&D based on tht setup/teardown times of similar equipment in 
the current inventory. 

2.2.2  Aspect: Ability to Communicate During Moves 

The concepts will be evaluated according to the reduced capability and 
information intelligibility degradation for a unit during movement.  Units 
considered will be of company size or larger. 

2.2.2.1 Quantitative Measure of Effectiveness 

Reduced communications capability for unit during move. 

2.2.2.2 Estimation Procedures 

Communications analysts will identify situations in the scenario 
that dictate the movement of a unit.  For the members of that unit, total 
communications capability (channels/nets available) prior to movement will 
be noted and compared to the reduced capability during movement.  The 
average percent reduction in capability will be the quantitative MOE.  In 
addition, communications analysts will estimate the degradation of informa- 
tion intelligibility that results from small sector signal variation.  This 
will be in the form of a qualitative MOE. 

2.2.2.3 Aasumptlons and Estimation Conditions 

impact of a unit move on the entire network will be considered in 
a separate MOE. 
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2.3 AREA: TRANSPORTABILITY 

Transportability is defined as the capability to efficiently and effec- 
tively transport a communications equipment complex.  Transportability 
includes the following aspects: 

Size and weight of CE equipment, support parts, and power 
sources; 

Vehicle requirements of the communications system; 

0  Portability. 

2.3.1 Aspect: Size and Weight of CE Equipment. Support Parts, and 
Power Sources 

The concepts will be evaluated according to the total volume and 
weight of the equipment and power and support parts required for each sub- 
system (TROPO, LOS, etc.) and for the entire communications system. 

2-3.1.1 Quantitative Measure of Effectiveness 

Total volume (in cubic feet) of communications system/subsystem 
equipment and parts, and total weight (in tons) of communications system/ 
subsystem equipment and parts. 

2.3.1.2 Estimation Procedures 

The system design effort In Task V will provide TOEs for all units. 
From these TOEs, CE equipment quantities and types will be obtained.  Sup- 
port parts and power requirements (generators, batteries, etc.) will be 
identified, as indicated in Subsections 2.8.1 and 2.8.2.  Communications 
analysts will categorize the equipment, parts, and power sources according 
to the subsystems they support.  The total volume and weight for each of 
these subsystems and for the entire system will then be calculated. 

2.3.1.3 Assumptions and Estimation Conditions 

The volume and weight for specific equipment, parts, and power 
sources in the current Inventory will be GFI. This information will be 
estimated by communications analysts for any Item in R&D. 

2•3•2 Aspect: Vehicle Requirements of the Communications System 

The concepts will be evaluated according to the total number and 
type of transport vehicles required to support the communications system. 
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2.3.2.1 Quantitative^ M—ttf of Eff«ctlvaM» 

Percentage of  total  transport  vehicles   (required  to provide  com- 
munications  support  to  the unit)   that are organic  to  the unit. 

2.3.2.2 Estimation  Procedures 

The system design effort   la Task V will provide  TOEs   for  all  units. 
These  TOEs  Indict«  the  equipment  and vehicles  that  are organic  to  the in- 
dividual  units.     Based on volume,  weight,   time     and other  co;si^fJf"*' 
communicatioas nnalynts will  identify  the vehicle  requ rements of each unit 
to  transport  the specific  CE equipment used by  that unit.     These  -hides 
will be  categorized by  type   (e.g.,   1/4-ton and  2  1/2-ton trucks,  vans,  and 
trailers)  and will be totaled  to provide the vehicle requirements of each 
unit.     For each  type,   the percentage of required vehicles  that «e organ c 
to  the unit will   be  calculated.      (For the system,   the Perc*ntaS* 0 J w 
vehicle requirements organic  to the unit will be calculated.)     The higher 
this percentage,   the better  the value of the MOE. 

2.3.2.3    Assumptions  and Estimation  Conditions 

Vehicles not  used  to  transport communications equipment or power 
sources will b.   excluded when identifying vehicles organic to the unit. 

2.3.3    Aspect;   Poj^tabillty_of  CE Equipment 

The concepts will be evaluated according to  the degree of portability 
of  CE equipment.     Portability  is determined by equipment characteristics 

and function. 

2.3.3.1 ggga^SfiS^g Measure of Effectiveness 

Not applicable. 

2.3.3.2 Estimation  Procedures 

The  system design  effort  In Task V will provide TOEs  for each unit 
within an echelon.     These TOEs  indicate quantities of  types  of equipment 
required  for each  alternative.     After examining size, weight,   function, 
power source  requiren*>nts.  and other features of each type of equipment, 
communications  analysts will assign the CE equipment to one or more of the 
following nine  categories: 

0     Equipment  designed  for permanent  installation; 

0    Equipment capable of being used in two or more types of 
ground installations; 

0    Compact,  lightweight equipment that may be held by one 
hand, suspended from a belt,  or carried in a pocket and 
operated on the move; 
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0  Compact, lightweight equipment to attach to a helmet or to 
herdgear of some type, and for operation by the bearer; 

Equipment installed and operated from a vehicle whose sole 
1 unction is Co house and transport the equipment (the 
^ehlcle(8) must be "part of" the equipment); 

0  Equipment designed to be transported by one man and not to 
be operated on the move; 

0  Equipment designed for packing into individual manloads 
for transport by a team (not operated while in transport); 

0  Equipment larger than handheld but designed for operation 
while being carried by one man; 

0  Equipment installed in a vehicle designed for functions 
other than carrying electronic equipment, such as tanks, 
weapons carriers, etc.  The equipment must be capable of 
operation while the vehicle is in motion. 

After completion of this categorization, communications analysts 
will evaluate portability for the communications system as a qualitative MOE. 

2.3.3.3 Aasumptions and Estimation Conditions 

For equipment in the current inventory, all pertinent features 
necessary for this evaluation can be obtained from technical manuals.  For 
equipment currently in R&D, this information will be provided by the system 

designers. 

2.4  AREA; VULNERABILITY 

Vulnerability Is defined as those characteristics of a system that cause 
it to suffer definite degradation (incapability to perform the designated 
mission) as a result of having been subjected to a certain level of effects 
in an unnatural (manmade) hostile environment.  Specific factors in vulnera- 
bility are susceptibility due to inherent hardware weaknesses, enemy threat, 
and interceptibillty.  Vulnerability Includes the following aspects: 

0 Susceptibility to physical destruction (ground/air) 
0  Susceptibility to direction-finding 
0  Interceptibillty. 

2*4*1  Aspect: Susceptibility to Physical Destruction 

The concepts will be evaluated according to the likelihood that an 
enemy can successfully execute destructive physical attack (ground/air) on 
major points in the communications system.  This will include consideration 
of inherent hardware weaknesses, susceptibility to physical or electronic 
detection, likelihood of enemy attempt to attack, and capability of defense 
against enemy attack   Entire nodes, selected functions at a node, and power 
sources will be analyzed in terms of susceptibility to physical destruction. 
The threat to be used will be the INTACS threat as furnished by the Government. 
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2.4.1.1 Quantttaflve Measure of Effectiveness 

Weighted geographir distance of net nodal traffic from the forward 
edge of the battle area (FEBA). 

2.4.1.2 Estimation Procedures 

The following steps will be taken to calculate the MOE: 

0 After the concept has V.een sized and deployed in conjunc- 
tion with user requirements data, the busy-hour traffic at 
each node is segregated into m (m = 1, 2, 3, ... M) cate- 
gories by message type and precedence. 

Each category m is then assigned a weighting factor W. ra 
(VL ■  1,   2,   3,   ...   10) by communications analysts   (i.e., 
a  Flash operational message may have a value of 10, while 
a routine administrative message has a value of 2). 

Each node of a network is identified by an integer j, 
where  j  ■  I,   2,   3,   ...   N. 

Node by node,   the busy-hour traffic is segregated Into the 
m categories  to  give a message count for node j by category 
m.     The number of messages of the mth category at the j»" 
node   is  I^-j. 

The importance of the j  node is taken by summing the 
products of Nm4 by the corresponding weighting factors. 
W. m 

M 
E 

m=l 
N  . W 

m 

where 

■ importance of the j      node 

■ number of messages   (busy-hour traffic)  at 
the j       node of  category m 

IL      = weighting factor for category m 
messages. 

The relative importance  of the j  node to the entire sys- 
tem is indicated ay: 

I; 

.-• 
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The distances (in kilometers) of the J  nodes from the 
FEBA (as taken ftom the scenario) are tabulated as D.. 

Weighted distances of net nodal traffic from FEBA (WDNTF) 
are computed usinR the following equation: 

WDNTF 
N 
E ■ 

R 1 

^ 

The higher the WDNTF, the greater the vulnerability of the 
system from attack. 

In addition, answers to the following questions will be used to 
compare the concepts: 

Considering known enemy detection capabilities, uniqueness, 
and size or signature of critical nodes in the system, dis- 
tance from FEBA, physical size, inherent hardware weak- 
nesses, and degree of exposure of equipment and power 
sources, what is the likelihood of enemy detection? 

0  In situations with a well-defined FEBA (excluding air- 
mobile operations or a tactical nuclear environment that 
results in widely dispersed friendly and hostile forces) 
and considering the known enemy priorities and capabilities, 
importance of a node, and distance from FEBA, what is the 
likelihood of an enemy attempt to destroy the node? 

0  Considering distance from FEBA, physical protection (for- 
tification), proximity to military defense, and the capa- 
bility of the equipment to withstand damage, what is the 
capaMllty of averting destruction or damage to a critical 
node in the event of attack? 

0 How does mobility affect the vulnerability of the system? 

The answers to these questions will be based on a qualitative 
evaluation of each of the concepts performed by communications analysts. 
These answers will be In the form of a qualitative MOE. 

2.A.1.3 Assumptions and Estimation Conditions 

The significance of the quantitative MOE Is based on the assump- 
tion that an enemy will attack any system element he can locate, provided: 
1) he Is not gaining useful intelligence from passiv» Intercept and analy- 
sis; 2) he Is unable to take advantage of manipulative deception techniques; 
or 3) he us unable to successfully jam the element.  It Is further assumed 
that the vulnerability of an element decreases proportionally to the square 
of Its distance from the enemy; however, this measure does not properly 
apply to the use of satellites as nodes, nor to situations where a well- 
defined FEBA does not exist. 
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In all  cases,  nndes will be  located  in such a manner  that  the 
effective  radlLTthe enemy's  Urgest  conventional weapon could not  damage 
or destroy, with a single hit.  more  than one node. 

2.4.2    Aspect:   Susceptibility   to  Direction-Finding 

The degree  to which unit  positions  are  compromised by •"*"•'• 
— i.  Indicated by  the EMC/EMV direction-finding scores of the net 

CZT   in    he d rection-finding subtest.   the paths between  ^^/^ 

signal criteria are used). 

2.4.2.1 Quantitative Measure of Effectiveness 

Weighted average of EMC/EMV analysis direction-finding subtest 

scores. 

2.4.2.2 Estimation Procedures 

The EMC/EMV analysis direction-finding output consists of a series 

of scores by net type.  The MOE is a weighted arithmetic mean of Jhese 
scores on the basis of the number of nets of the net type and a weighted 
va"e for the net type determined by communications analysts*. 

WDF 

I     V Nt (DF)t 
t=l          

I  Vt Nt 
t-1 

(0<WDF <100) 

where 
WDF = weighted average of EMC/EMV analysis direction- 

finding subtest score 

T   ■ number of different discrete net types 

t   -a  discrete net type, t»l, 2, 3, 4, ... T 

V   = value of net type t (0 <Vt< 10) 

N   - number of nets of net type t in the system, 

Nt - 1, 2, 3, 4.   

(DF)  - direction-finding subscore for net type t. 

* Where applicable, these will be taken from DACE-CMS-E letter of 27 Decem- 
JIer!973, Subject Standards for Weighting Communications and Electronics 

Nets and Links in Simulated Force Models. 
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2.4.2.3 AHSumptlons and Estimation Conditions 

None. 

2.4.3 Aapect: Interceptlbllity 

The extent to which an enemy can monitor traffic and message flow 
in a candidate concept is Indicated by the EMC/EMV intercept subtest score. 
The Interference prediction mode] computes compatibilities over paths be- 
tween victim transmitters and enemy Intercept receivers.  The lower the 
Interceptlbllity, the greater the transmission security of the candidate 

concept. 

2.4.3.1 Quantitative Measure of Effectiveness 

Weighted average of EMC/EMV analysis intercept subtest scores. 

2.4.3.2 Estimation Procedures 

The EMC/EMV subtest output will be in the form of a series of 
scores by net type. The MOE is a weighted arithmetical mean of these scores 
on the basis of the number of nets of the net type and a weighted value for 
the net type determined by communications analysts*: 

T 
E     Vt   Nt   (IN)t 

WIN = -^1        (0<WIN<100) 

E vt Nt 
t^l 

where 

WIN  = weighted average of EMC/EMV analysis intercept 
subtest scores 

T    = number of different discrete net types 

t    = a discrete net type, t=l, 2, 3, 4, ... T 

V   - value of net type t (0<Vt<10) 

Nt   ■ number of nets of net type t in the system, Nt»l, 
2, 3, 4, ... 

(IN)t - intercept score for net type t. 

2.4.3.3  Assumptions and Estimation Conditions 

None. 

* Where applicable, these will be taken from DACE-CMS-E letter of 27 Decem- 
ber 1973, Subject: Standards for Weighting Communications and Electronics 
Nets and Links in Simulated Force Models. 
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2.5  AREA: SURVTVABILITY 

Survivabtlity is defined as the capability of a communications system 
to degrade gracefully In mission performance after having suffered destruc- 
tive physical or electronic attack.  Survlvabillty Includes the following 

aspects: 

0  Impact of destruction of communications system nodes 
0  Impact of jamming. 

2.5.1 Aspect: Impact of Destruction of Communications System Nodes 

The concepts will be evaluated according to their ability to provide 
continuity and quality of service after the total or partial destruction 
of one or more nodes in the system.  This will include cousideration of 
backup equipment, alternate routing, alternate transmission mou-s, alter- 
nate power sources, and the option of re-enp.ineering the system,  ^ire 
nodes, selected functions at a node, and po.er sources win be analyzed ir, 
terms of the impact of their destruction on the system.  The study will 
address the loss of subscribers, recovery time, and degradation of COS due 

to such destruction. 

2.5.1.1 Quantitative Measure of Effectiveness 

0 Number of nodes that must be destroyed before GOS is reduced 

to certain specific levels; 

0 Subscriber loss resulting from nodal destruction. 

2.5.1.2 Estimation Pro&edures 

GOS will be measured by SIMCE at the system busy hour in the sce- 
nario. Based on traffic volume at the busy hour, the node that handles the 
most traffic will be identified and considered destroyed.  Subscriber loss 
due to the destroyed node will be estimated by communications analysts. 
GOS will be recomputed by SIMCE. to indicate the results of the destruction 
of the node.  The process of identifyini and destroying the busiest node 
and then measuring the impact of that destruction is reiterated until, in 
the judgement of the communications analysts, the communications system 
fails to provide minimal acceptable service.  Specific levels of degrada- 
tion (in terms of GOS) will be highlighted and the degree of destruction 
(number of nodes destroyed) resulting in this degradation will be indicated 

for each concept. 
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The above procedure will be used to calculate the quantitative 
MOEs. Additionally, answers to the followlnR questions will be used to 
compare the concepts: 

0 What capab'llty exists to provide backup equipment In 
response to total or partial destruction at a node? 

0 What c.apabilii:y exists for alternate routing In response 
to total or partial destruction at a node? 

0 What capability exists for using alternate transmission 
modes in response to total or partial destruction at a 
node? 

e What cap&bility exists for using alternate power sources 
in response to destruction of primary power sources of 
equipment at a node? 

0 What capability exists for re-engineering the nodal net- 
work in response to total or partial destruction at a 
node? 

0 How does the organizational structure of TCCF affect 
its ability to coordinate the restoration of the connuunl- 
cations system after total or partial destruction at a 
node? 

0 What is the outage time due to total or partial destruc- 
tion at a node? 

The answers to these questions will be subjective and based on a qualita- 
tive evaluation of each of the concepts performed by communications analysts. 
These answers will be in the form of a qualitative MOE. 

2.5.1.3 Assumptions and Estimation Conditions 

In a network simulation model, satellites will be considered nodes 
that might be destroyed; the impact of this will be evaluated by the esti- 
mation procedure outlined above. 

2.5.2 Aspect; Impact of Jamming 

The degree to which enemy jamming disrupts operation of a candidate 
concept is indicated by the EMC/EMV jamming vulnerability score. The basis 
of the score is the reduction in compatibility score experienced by victim 
receiver(s) (e.g., satellite, net radio, MARTS, etc.) as a result of enemy 
jamming.  This reduction in compatibility will reflect the success or failure 
of the enemy ECM effort. 

! 
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2.5.2.1 (^uanti twelve Mt» isure r,f Kf fectl veness 

Weighted average of EMC/EMV analysis jamming vulnerability sub- 

test scores. 

2.5.2.2 Estimation Procedures 

The EMC/EMV analysis   jamming vulnerability output consists of a 
series of scores by net  type.     The MOE is  a weighted arithmetic mean of 
these scores on the basis of  the number of nets of the net  type and a 
weighted value  for  the net  type determined by communications analysts*: 

T 
I    Vt   Nt   (JM)t 

WJM ■  -—■  (0 < WJM <100) 
T 
E 

t-1 
I    Vt  Nt 

»h* tt 
vIM      ■ weighted average of EMC/EMV analysis jamming 

vulnerability  subtest score 

T " numbei  of  different discrete net types 

t = a discrete net  type,  t"l,   2,   3,  4,   ...   T 

■  value of net  type t   (0 < Vj. < 10) 

= number of net type t in the system (Nt - 1,  2, 
3,  4,   ...   ) 

Vt 

\ 

(JM^    »  jamming subscrre of not:  type  t. 
t 

2. ^. 2. 3    ASF  .r.ptions  and Estimat.ion  rk?ndition3 

The ^'.iming moad in CASE will not be used. 

2.6    AitEA;  FU'aBl   y:V .... 

Flex^jJlJ.   ■  U  J  tined as the capability of the system to expand, con- 
tract,  ar.d/or tdOi.gani^e  to safisfy  a variety of communications  requirements. 
Flexibility inclades  the following aspects: 

0    Ability to func     .n in various operational ^nvironnentB 

0    Ability  to adapt   to changing force structure 

0    Ability  to meet  the commander's change  in mission 

* Where applicable, these will b« taken from DACE-CMS-E letter of 27 Decem- 
ber 1973, Subject: Standards for Weighting Communications and Electronics 
Nets and Links  in Simulated Force Models. 
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0 Ability to adapt to various ratios of traffic types 

0 Ability to add subscribers 

0 System modularity 

0 Downtime due to CP displacement 

0 Ability to operate in dispersed or concentrated deployments 

0 Hardware modularity. 

2.6.1 Aspect: Ability to Function in Various Operational Environments 

The concepts will be evaluated according to their ability to function 
In various types of warfare (specifically, tactical nuclear and tactical 
non-nuclear) and in various terrains.  This ability to function is influ- 
enced by vulnerability, survivability, maintainability, logistical support 
requirements, mobility, transportability, RF spectrum requirements, and 
quality of service. 

2.6.1.1 Quantitative Measure of Effectiveness 

Not applicable. 

2.6.1.2 Estimation Procedures 

Answers to the following questions form the basis for concept 
comparison: 

0 How does susceptibility (to weather, ECM, ground or air 
attack) differ in vcrious operational environments? 

0 How does the impact of electronic Jamming or physical 
destruction differ in various operational environments? 

How do the maintenance/logistical requirements (for cor- 
rective maintenance, software updates, and power require- 
ments) differ in various operational environments? 

0 How does mobility (in terms of setup/teardown time and the 
ability to communicate while moving) differ in various 
operational environments? 

0 How do the number and type of vehicles required to support 
the communications system differ in various operational 
environments? 
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How do the RF spectrum requirements differ In various 
operational environments? 

0 How do GOS and Information intelligibility differ in 
various operational environments? 

The answers to these questions will be based on a qualitative evaluation 
of each of the concepts performed by communications analysts.  These ans- 
wers will be in the form of a qualitative MOE. 

2.6.1.3 Assumptions and Estimation Conditions 

The concepts will not be compared for changes in security due to 
the various operational environments. 

2.6.2 Aspect; Ability to Adapt to Changing Force Structure 

The concepts will be evaluated according to their ability to accom- 
modate additional units. Specifically, the Brigade will be examined with 
an additional battalion; the Division with an additional brigade; the Corps 
with an additional brigade or division; and the Theater Army with an addi- 
tional division or corps, or with such special forces as air defense, field 
artillery, and Army Tactical Data Systems (ARTADS).  The ability to adapt to 
changing force structure will be Influenced by maintenance/logistical 
requirements, transportability, RF spectrum requiretMnts, and quality of 
service. 

2.6.2.1 Quantitative Measure of Effectiveness 

Not applicable. 

2.6.2.2 Estimation Procedures 

The following questions form the basis for concept comparison: 

0 How do the requirements for software updates differ when 
additional units are deployed in the force structure? 

How does the increased burden of meeting power require- 
ments (generators, batteries, etc.) differ when additional 
units are deployed in the force structure? 

How does the increased burden of meeting supply and trans- 
portation requirements differ when additional units are 
deployed in the force structure? 

How do RF spectrum requirements (frequency assignment to 
minimize friendly interference) differ when additional 
units are deployed in the force structure? 
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0 How does the quality of service (in terms of GOS and infor- 
mation intelligibility) differ when additional units are 

deployed in the force structure? 

The answers to these questions will be subjective and based on a qualita- 
tive analysis of each of the concepts performed by communications analysts. 
These answers will be in the form of a qualitative MOE. 

2.6.2.3 Assumptions and Estimation Conditions 

The concepts will not be compared for changes In security due to 

changing force structure. 

2.6.3 Aspect: Ability to Meet Commander's Change In Mission 

The concepts will be evaluated according to their ability to satis- 
fy communications requirements imposed by a change In the commander's mis- 
sion from/to each of the following: defense, attack, withdrawal, or rein- 
forcement.  Specifically, at the echelons of Brigade and Division, the 
effects of a change from each mission to each of the other three missions 
will be examined.  The ability to meet the commander's change In mission 
will be Influenced by vulnerability, survivablllty, maintainability, logis- 
tical support requirements, mobility, transportability, RF spectrum require- 

ments, and quality of service. 

2.6.3.1 Quantitative Measure of Effectiveness 

Not applicable. 

2.6.3.2 Estimation Procedures 

Answers to the following questions form the basis for concept 
comparison: 

0    How does susceptibility   (to weather, ECM, ground or air 
attack)  differ with the mission? 

0    How does the Impact of electronic jamming or physical 
destruction differ with the mission? 

0    How do the maintenance/logistical requirements  (for cor- 
rective maintenance,  software updates,  and power require- 
ments)  differ with the mission? 

0    How does mobility  (in terms of setup/teardown time and 
the ability to communicate while moving) differ in chang- 
ing from one mission to another? 
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How do the number and type of vehicles required to support 
the communications system differ with the mission? 

How do COS and Information Intelligibility differ with a 
change in mission? 

The answers to the questions will be subjective and based on a qualitative 
evaluation of each of the concepts performed by communications analysts. 
These answers will be in the form of a qualitative MOE. 

2'6'3'3 Assumptions and Estimation Conditions 

The concepts will not be compared for changes in security due to 
the commander's change In mission. 

2•6•4 Aspect: Ability to Adapt to Various Ratios of Traffic Types 

The concepts will be evaluated according to their ability to handle 
changing ratios of traffic types: data, teletype, facsimile, and voice. 
Specifically, the percentage of data will be increased at the expense of 
the percentage of voice. 

2.6.4.1 Quantitative Measure of Effectiveness 

Percentage of COS degradation due to increasing ratio of data/ 
voice traffic types. 

2.6.4.2 Estimation Procedures 

The actual measure of the ability to adapt to various ratios of 
traffic types will be the percentage of change in grade of service due to 
increasing the percentage of data traffic.  If a saturation point exists, 
it will be identified.  The system busy-hour traffic (from the scenario) 
will^be Identified by traffic type and converted to a common denominator, 
and current percentage levels will be established.  The percentage of 
data traffic will be increased at the expense of voice traffic and the re- 
sultant COS, computed by SIMCE, will be plotted accordingly. 

Other implications of data transmission will be indicated by the 
effect of the data rate and bandwidth requirements for data transmission 
on information intelligibility and susceptibility to jamming of such sys- 
tems as TOS and TACFIRE.  The determination of these requirements will be 
subjective, and will be based on a qualitative evaluation by communications 
analysts.  This will be in the form of a qualitative MOE. 

2.6.4.3 Assumptions and Estimation Conditions 

Messenger service is not included in the computation of percen- 
tages of traffic types.  As the ratio of data-to-volce traffic increases, 
traffic volume will increase. The extent of the increase will be estimated 

A-22 

MMMtfllMMMtMi   .^^Müüiäbah J 



by the communications analysts and used as a factor In evaluating COS.  The 
differences between all dlgltal/hybrid/analog systems will be considered. 

2.6.5 Aspect: Ability to Add Subscribers 

The concepts will be evaluated at the echelons of Brigade and Divi- 
sion according to their ability to accommodate additional subscribers 
(smaller in number than a company).  Specifically, the RF spectrum and 
logistical support requirements will be investigated. 

2.6.5.1 Quantitative Measure of Effectiveness 

Not applicable. 

2.6.5.2 Estimation Procedures 

Answers to the following questions form the basis for concept 
comparison: 

0 When additional subscribers enter the area, how do the 
RF spectrum requirements change? 

0 When additional subscribers enter the area, how do the 
logistical support requirements change? 

The answers to these questions will be based on a qualitative evaluation 
of each of the concepts performed by communications analysts. These ans- 
wers will be in the form of a qualitative MOE. 

2.6.5.3 Assumptions and Estimation Conditions 

The concepts will not be compared for changes in security due to 
additional subscribers. 

2.6.6 Aspect: System Modularity (ability to fragment the system without 
degradation) 

The concepts will be evaluated at the echelons of Brigade, Division, 
Corps, and Theater Army according to their ability to provide continuity 
of service to the main body and, at the same time, to satisfy the communi- 
cations requirements of a unit on a special mission and physically separated 
from the main body.  The ability to fragment the system will be influenced 
by quality of service and RF spectrum requirements. 

2.6.6.1 Quantitative Measure of Effectiveness 

Not applicable. 

2.6.6.2 Eatimation Procedures 

Answers to  the following questions form the basis for concept 
comparison: 

MHttriu mmtma i i^jtMlieirMiei   ■ 



c     How do COS and  Information intelligibliity  change when a 
unit  is  fragmented  from the main body but  is still sup- 
ported by  it? 

0    What GOS and  Information intelligibility can this  frag- 
mented unit  expect? 

0     How do RF spectrum requirements  change? 

The answers  to  these questions will be subjective  and based on a qualitative 
evaluation of each of  the  concepts performed by communications analysts. 
These answers will be  in the  form of a qualitative MOE. 

2.6.6.3    Assumptions   and Estimation Conditions 

The concepts will not  be  compared for changes in security due to 
system fragmentation. 

2.6.7    Aspect:  Downtime Due  to CP Displacement 

The concepts will be evaluated according to their ability to recon- 
stitute  the conimunlc.it Ions  system after CP displacement.     This ability will 
be  indicated by  the  total  time  required to accomplish CP displacement and 
by  the degree of  communications  loss due to this  displacement. 

2.6.7.1 Quantitative Measure of Effectiveness 

Down minutes due  to  CP displacement. 

2.6.7.2 Estimation Procedures 

Subscribers that lose communications capability due to CP dis- 
placement will be Identified.  A weighting factor will be applied to those 
subscribers indicating their relative importance in terms of rank and posi- 
tion; i.e., 

Total Down Minutes [     W8 TS 
s=l 

where 

W„ 

■ total number of subscribers suffering loss of commu- 
nications capability due to CP displacement 

= discrete subscriber, s-1, 2, 3, 4, ... S 

= weighting factor for  subscriber s 

■ downtime in minutes for subscriber s. 
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2.6.7.3    Assumptions and Estimation Conditions 

The downtime In minutes for each subscriber will be "tlmated by 
communications analysts. Backup capability will be considered, and total 
down minutes will be calculated in two ways: 

0    By ignoring backup capability 
0    By discounting down minutes for any subscriber with a 

a backup  capability. 

It is assumed that  the force can tolerate downtime for some subscribers 
with no  loss of combat effectiveness. 

2.6.8    Aspect:  Ability to Operate  in Dispersed or Concentrated Deployments 

The concepts will be evaluated according to their ability to func- 
tion in either dfs^rsed or concentrated deployments.    The abil ty to    unc- 

liZ will be influenced by vulnerability. --i-bi;i^'i-
ln^rp

b
e      7ffi' 

logistical support requirements, mobility,  transportability,  RF spectrum 
requirements, and quality of service. 

2.6.8.1 quantitative Measure of Effectiveness 

Not applicable. 

2.6.8.2 EatimatJon Procedures 

Answers to the following questions will form the basis for concept 

comparison: 

• How does susceptibility (to weather. ECM, ground or air 
attack) differ in dispersed or concentrated deployments. 

• How does the impact of electronic Jamming or physical des- 
truction differ in dispersed or concentrated deployments. 

0 How do the maintenance/logistical requirements (for cor- 
rective maintenance, software updates, and power require- 
ments) differ in dispersed or concentrated deployments? 

• How does mobility (in terms of setup/teardown time and the 
ability to communicate while moving) differ in dispersed 

or concentrated deployments? 

• How do the number and type of vehicles required to support 
the communications system differ in dispersed or concen- 

trated deployments? 

0 How do RF spectrum requirements differ in various opera- 

tional environments? 
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0 How do COS and Information Intelligibility differ In 
various operational environments? 

The answers to these questions will be subjective and based on a qualitative 
evaluation of each of the concepts performed by communications analysts. 
These answers will be in the form of a qualitative HOE. 

2.6.8.3 Assumptions and Estimation Conditions 

None. 

2.6.9    Aspect;  Hardware Modularity 

The concepts will be evaluated according to the increase in system 
performance that results from hardware modularity.    This Increase in system 
performance Is Influenced by changes In mobility,   transportability,  logis- 
tical support requirements,  security,  standardization,  and maintainability. 

2.6.9.1 Quantitative Measure of Effectiveness 

Not applicable. 

2.6.9.2 Estimation Procedures 

Answers to the following questions will form the basis for concept 
comparison: 

0    How does hardware modularity affect setup/teardown time 
and the ability to communicate during movement? 

s    How does hardware modularity affect portability? 

0    How does hardware modularity affect logistical support 
requirements? 

0    How does hardware modularity affect the ability to convert 
from nonsecure to secure equipment? 

"    How does hardware modularity affect the standardization 
of CE equipment? 

0    How does hardware modularity affect maintainability? 

The answers to these questions will be based on a qualitative evaluation of 
each of the concepts performed by communications analysts.     These answers 
will be in the form of a qualitative HOE. 

2.6.9.3 Assumptions and Estimation Conditions 

The system designers will provide information on modularity for 
any hardware currently in R&D. 
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2.7 AREA; RELIABILITY 

Reliability Is defined as the probability that the communications sys- 
tem perform its mission adequately for the time intended under the operation 
conditions expected to be encountered.  Since traffic blockage is measured 
separately under GOS, this area will concern equipment performance and not 
equipment capacity.  Reliability Includes the aspect of system availability. 

2.7.1 Aspect; System Availability 

The concepts will be evaluated by calculating the probability that 
equipment failure will not degrade system performance. This Involves mea- 
suring equipment reliability and identifying routing capability. 

2.7.1.1 Quantitative Measure of Effectiveness 

Percent system availability. 

2.7.1.2 Estimation Procedures 

The system design effort in Task V will provide TOEs for each unit 
within an echelon.  For the equipment specified in the TOEs, mean time between 
failure (MTBF), mean time to repair (MTTR), and the NORM rate will be calcu- 
lated as Indicated in Subsection 2.12.2. Operational availability. A, for 
each discrete type of equipment will be computed by the following equation: 

1 - a. 
NORM 

where a. is inherent availability and equal to 

MTBF 
MTBF + MTTR 

If backup equipment exists on-slte, or if an alternate routing 
capability exists, the equipment is considered to be in parallel operation 
at that point; otherwise, the equipment is considered to be in series opera- 
tion.  Figure A-l demonstrates a path of equipment in series; Figure A-2 
demonstrates equipment in parallel; and Figure A-3 demonstrates a series 
of parallel configurations of equipment. 

Total availability with equipment in series, Atot, is a product 
relationship of the individual (operational) availabilities: 

cot n 
i 

where Aj - the availability of the 1th equipment in series, 
ability along the path of Figure A-l is computed as: 

The avail- 

A(path) - A^) • A(X2) • A^) 
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FIÜURE A-l   Equipment in Series 

FIGURE  A-2    Equipment in Parallel 

h h 

h h 

FIGURE Ar3    Series of Equipment in Parallel 
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That Is, If 

then 

H\)  - A(X2) " A(X3) - 0.9 

A(path) - 0.729. 

Total availability with equipment in parallel is calculated differently, 
since failure occurs only when all equipment in parallel has failed simul- 
taneously. Thus, 

A^ - i - n a - A > 
J 

where A    represents the availability of the J      equipment in parallel.    The 
availability along the path of Figure A-2 is computed as; 

A(path)  -  1 -   (I - A(Y1))   •   (1 - A(Y2)) 

That is,  if 

then 

A(Y1)  - A(Y2)  - 0.9 

A(path)  - 1 - 0.01 - 0.99. 

Total availability of a system containing parallel configurations can be 
expressed as: 

.      \ot * J Ai 

where Aj^ represents the availability of the i* equipment/configuration in 

series. Thus, 

Ai - 1 - up (1 - V 

where Aj. represents the availability of the p  equipment In configuration 

of the i"1 position in series, where: 

p > 1 if parallel configuration exists 

p - 1 otherwise. 

The availability along the path of Figure A-3 is computed as: 
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2.8.1.2 Estimation Procedures 

The system design effort in Task V will provide TOEs for each unit 
within an echelon.  These TOEs indicate quantities of types of equipment 
required.  Spare parts required for preventive and corrective maintenance 
of equipment will be identified (including throw-away parts), and the stor- 
age volume (In cubic feet) required for spare parts will be calculated. 

The NORS rate for critical components of the system will be cal- 
culated from empirical deta provided by the Army Logistics Management 

Center (ALMC) at Fort Lee. 

Additionally, answers to the following questions will be used to 

compare the concepts; 

0 What stockage levels are required to support the system? 

0 How do the locations of parts/maintenance support centers 

affect the ability to support the using units? 

The answers to these questions will be subjective and based on a qualita- 
tive evaluation of each of the concepts performed by communications analysts. 

These answers will be in the form of a qualitative MOE. 

2.8.1.3 Assumptions and Estimation Conditions 

For all equipment in the current Inventory, spare parts require- 
ments can be identified from technical manuals. For equipment currently in 
RiD, the system designers will provide this information. 

Storage requirements for spare parts will also be provided by sys- 
tem designers.  Empirical data necessary for the calculation of NORS rates 

will be GF1. 

Consummables needed to support manpower requirements, such as food 

and clothing, will not be considered. 

2.8.2 Aspect; Power Requirements (generators, batteries, etc^l 

The concepts will be evaluated according to power requirements.  The 
different sources of power will be identified, and the total requirements 

for each type of source will be determined. 

2.8.2.1 Quantitative Measure of Effectiveness 

Total power, by source type, required to support the communica- 

tions system. 
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2.8.2.2 Estimation  Procedurea 

The system design effort in Task V will provide TOEs  for each unit 
within an echelon.     These TOEs indicate quantities of types of equipment 
required for each alternative.    For this equipment, both primary and backup 
power requirements will be considered and totaled by source type. 

2.8.2.3 Assumptions and Estimation Conditions 

Gasoline  for transport vehicles will be excluded.    For all equip- 
ment in the current  inventory, power requirements are indicated in tech- 
nical manuals.     For equipment currently in R&D,   the system designers will 
provide  this  information. 

2.9    AREA;   SECURITY 

Communications security is the protection that results from all measures 
designed:  1)  to deny unauthorized persons information of value that might 
be derived from the possession and study of telecommunications, or 2)  to 
mislead unauthorized persons in their interpretation of the results of 
such possession and study.    Communications security Includes: 1) crypto- 
security;  2)  transmission security;  3) emission security; and A) physical 
security of communications securi'.y material and information. 

Cryp tose curl ty is the component of communicatioi:* security that 
results  from the provision of technically sound cryptosystems and their 
proper use. 

Transmission security is the component of communications security 
that results from all measures designed to protect transmission from inter- 
ception and exploitation by means other than cryptoanalysis. 

Emission security is the component of communications security 
that results  from all measures taken to deny unauthorized persons informa- 
tion of value that might be derived from Intercept and analysis of compro- 
mising emanations  from cryptoequipment and telecommunications systems. 

Physical security is the component of communications security that 
results from all physical measures necessary to safeguard classified equip- 
ment, material,  and documents from access thereto or observations thereof 
by unauthorized persons. 

For the purpose of this study, communications security includes 
the following aspects: 

*    Ability to provide increased secure communications; 

0    Limitations imposed through Increased security; 
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Ability to accommodate Increasing ratios of secure to 
nonsecure subscribers; 

Ability to satisfy Interface security requirements; 

Ability to restore secure communications after compromise; 

■ Degree of security. 

Interceptlbility is an aspect previously covered under security; however, 
it is addressed within the area of vulnerability. 

2.9.1 Aspect; Ability to Provide Increased Secure Communications 

The concepts will be evaluated according to their ability to provide 
secure communications by transmission mode to those who need it.  The fol- 
lowing modes will be considered: voice (wideband and narrowband, analog 
and digital), data, teletype, and facsimile. Evaluation will also include 
wire and cable/RF tradeoffs, TCCF functions, RF spectrum requirements, 
and terminal equipment. 

2.9.1.1 Quantitative Measure of Effectiveness 

Not applicable. 

2.9.1.2 Estimation Procedures 

Answers to the following questions will form the basis for concept 
comparison: 

When considering wire and cable/RF tradeoffs, what are 
the effects of the differences In setup/teardown rime, 
support requirements (manpower and logistics commitments), 
and degree of security (link versus end-to-end), and how 
do these differences relate to each concept? 

How does the organizational structure of TCCF affect 
its ability to perform the functions of secure circuit 
monitoring, reporting, restoring, and patching? 

What are the effects of the increased RF spectrum and 
terminal equipment requirements caused by Increasing 
security for each mode of transmission? 

The answers to these questions will be based on a qualitative evaluation 
of each of the concepts performed by the communications analysts. These 
answers will be in the form of a qualitative MOE. 

2.9.1.3 Assumptions and Estimation Conditions 

The following assumptions and estimation conditions are made: 

,;. 
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0  Trained operators will be available; 

0 Cryptosystems to be employed will be secure from 
exploitation; 

0 The number of secure terminal subscribers will not 
I vary among the concepts. ^ 

2.9.2 Aspect: Limitations imposed Through Increased Security 

The concepts will be evaluated according to the degree of reduction 
in system performance caused by increased demands on the s^tem when secu- 
rity is provided.  These limitations are caused by increased space and 
weight, increased logistical support requirements, increased RF spectrum 
requirements, increased setup/teardown time, the mix of secure/nonsecure 
subscribers at a switch, and lower noise tolerance necessary for secure 
transmission. 

2.9.2.1 Quantitative Measure of Effectiveness 

Not applicable. 

2.9.2.2 Estimation Procedures 

Answers to the following questions will form the basis for concept 
comparison: 

0 How do the increased equipment requirements for security 
increase space and weight considerations (system/user)? 

0 What is the increase in manpower, logistical, and crypto 
material requirements resulting from increased transmis- 
sion security? 

0 What is the increase in RF spectrum requirements result- 
ing from increased transmission security? 

' What is the increase in setup/teardown time resulting from 
increased transmission security? 

0 Assuming that a mix of secure/nonsecure subscribers is 
inevitable, what limitations are imposed upon the switch? 

* What is the effect of the lower noise tolerance necessary 
for transmission security? 

The answers to these questions will be based on a qualitative evaluation 
of each of the concepts performed by communications analysts.  These ans- 
wers will be in the form of a qualitative MOE. 
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2.9.2.3 Assumptions and Estimation Conditions 

COMSF.C equipment will be in »"he hands of trained operators. 

2.9.3 Aspect; Ability to Accommodate Increasing Ratios of Secure to Non- 

secure Subscribers 

The concepts will be evaluated according to their ability to ac- 
commodate a system-wide increase in the percentage of secure subscribers, 
with the goal to eventually achieve 100 percent security. Factors that 
influence this ability include RF spectrum requirements, logistical support 

requirements, and transportability. 

2.9.3.1 Quantitative Measure of Effectiveness 

Not applicable. 

2.9.3.2 Estimation Procedures 

Answers to the following questions will form the basis for concept 

conparison: 

' What limitations to increasing the number of secure sub- 
scribers are imposed by RF spectrum requirements? 

0 What limitations to increasing the number of secure sub- 
scribers are imposed by an inability to meet the increased 
manpower, logistical, and crypto material requirements? 

0 What limitations to Increasing the nunber of secure sub- 
scribers are imposed by space or weight considerations? 

0 What limitations to increasing the number of secure sub- 
scribers are imposed by situations of high risk of compro- 
mise or capture (proximity to enemy, overflight)? 

0 What limitations to increasing the number of secure sub- 
scribers are imposed by the mix of secure/nonsecure sub- 

scribers at a switch? 

0 What limitations to increasing the number of secure sub- 
scribers are imposed by adding subscribers (units or 

individuals)? 

The answers to these questions will be based on a qualitative evaluation 
of each of the concepts performed by communications analysts. These ans- 

wers will be in the form of a qualitative MOE. 

2.9.3.3 Assumptions and Estimation Conditions 

Cost implications will be addressed during sensitivity analysis and 
will not be considered during concept evaluation for this appect. 
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2.9.4 Aspect; Ability to Satisfy Interface Security Requirements 

The concepts will be evaluated according to their ability to satisfy 
Interface security requirements on the following levels: allied, joint, 
interservice, and DCS, both laterally and vertically. Consideration will 
be given to cryptoequlpment interoperability and compatibility of procedures, 

2.9.4.1 Quantitative Measure of Effectiveness 

Not applicable. 

2.9.4.2 Estimation Procedures 

Answers to the following questions will form the basis for concept 

comparison: 

0 What is the status of cryptoequipment interoperability, 
and how does this affect security interface capability? 

0 What is the status of crypto procedures compatibility, and 
how does this affect security interface capability? 

The answers to these questions will be based on a qualitative evaluation of 
each of the concepts performed by communications analysts. These answers 
will be in the form of a qualitative MOE. 

2.9.4.3 Assumptions and Estimation Conditions 

None. 

2.9.5 Aspect: Ability to Restore Security After Compromise 

The concepts will be evaluated according to their ability to restore 
security after compromise of hardware or crypto material. Compromise in- 
cludes capture or successful cryptoanalysis by the enemy. In the event of 
con^romise, it is the responsibility of TCCF and cryptosecurlty personnel 
to coordinate the restoration of security. 

2.9.5.1 Quantitative Measure of Effectiveness 

Not applicable. 

2.9.5.2 Estimation Procedures 

Answers to the following questions will form the basis for concept 
comparison: 

0 What is the impact on security of hardware compromise? 

* What replacement capability exists in the event of hard- 
ware compromise? 
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0 What Is the impact on security of compromise of crypto 

material? 

0 What are the capabilities of the system in redistributing 
(by physical or electronic means) crypto material in the 

event of compromise? 

0 How do crypto logistics procedures affect the ability to 
rapidly restore security after compromise? 

0 What influence does the organizational structure of TCCF 
have on the ability to react to compromise? 

The answers to these questions will be based on a qualitative evaluation of 
each of the concepts performed by communications analysts. These answers 

will be In the form of a qualitative MOE. 

2.9.5.3 Assumptions and Estimation Conditions 

The following assumptions and estimation conditions are made: 

0 COMSEC equipment will be in the hands of trained operators; 

0 No effort will be made to evaluate the ability to detect 
the compromise situation (for the purposes of this study, 
it is assumed that the compromise situation is known to 

have occurred); 

0 Circuit restoration will not be evaluated as a part of 

this aspect. 

In that some system features relate to more than one of the above 
items, the possibility of double-weighting exists and will be addressed 
during the concept evaluations for this aspect. 

2.9.6 Aspect; Degree of Security 

The concepts will be evaluated according to the degree of security 
that is provided. Specifically, end-to-end security and link security will 

be addressed. 

2.9.6.1 Quantitative Measure of Effectiveness 

0 Number of subscribers provided with end-to-end security . 

TWo of the original 63 quantitative MOEs have since been dropped (when the 
number of MOEs was reduced to 60).  The following MOEs have been deleted: 

0 Number of subscribers not provided with end-to-end security 
who are provided with link security; 

• Percentage of subscribers not provided with end-to-end 
security who can be upgraded to end-to-end security with 
a modular addition to their equipment. 
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2.9.6.2 Estimation Procedures 

The system design effort In Task V will provide TOEs for each unit 
within an echelon. From these TOEs, the equipments that provide end-to-end 
security and link security will be identified. This will be used to deter- 
mine the number of subscribers in the organization provided with end-to-end 

security. 

2.9.6.3 Assumptions and Estimation Conditions 

It is recognized that a commander can, on the basis of physical 
security, declare that an area has end-to-end security.  This situation 
will be considered in estimating the number of subscribers with end-to-end 

security. 

2.10 AREA; 0PERAB1LITY 

Operabllity is defined as the ease of using the communications system 
so that it adequately serves the needs of the user. Opersblllty Includes 

the following aspects: 

0 Degree of difficulty in system operation 
0 Service features. 

2.10.1 Aspect; Degree of Difficulty in System Operation 

The concepts will be evaluated according to their directory re- 
quirements, call setup procedures, and MOS requirements for system operation. 

2.10.1.1 Quantitative Measure of Effectiveness 

0 Number of personnel, by MOS, required to operate the com- 

munications system. 

Two of the original 63 MOEs have since been replaced by a qualitative MOE on 
directory requirements. The MOEs that were deleted are as follows: 

0 Number of listings required in the directory; 

0 Number of users that require the directory. 

2.10.1.2 Estimation Procedures 

"The system design «fforFrnlSik V will provide manpower require- 
ments, by MOS, for operating and maintaining the equipment.  The number of 
personnel required for operations will be totaled by MOS. 
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Answers to the following questions will form the basis for the 
qualitative comparison of the concepts: 

Can directory changes be kept current? 

How does a unit move affect directory requirements? 

What is the degree of difficulty/complexity in the call 
setup procedure? 

To what degree does the calling party need to know the 
actual location of the party being called? 

The answers to these questions will be based on a qualitative evaluation of 
each of the concepts performed by communications analysts. These answers 
will be in the form of two qualitative MOEs: 

Measurement of the ease of maintaining a current 
directory; 

Measurement of the ease of placing a telephone call. 

2.10.1.3    Assumptions and Estimation Conditions 

The physical characteristics of the equipnent are such that the 
ease of operating actual equipment does not significantly differ amons the 
concepts. B 

2.10.2 Aspect; Service Features 

Service features are those features that increase system effective- 
ness by providing capabilities not essential but which are expedient and 
convenient.  A system either has the capability or It does not, 

2.10.2.1 Quantitative Measure of Effectiveness 

Not applicable. 

2.10.2.2 Estimation Procedures 

Answers to the following questions  form the basis for concept 
comparison: 

■    Does the concept offer call reinitiate? 
0    Does the concept offer command override? 

Does the concept offer prearranged conference calls  (one 
number gets all conferees)? 
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concept 
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concept 
concept 
concept 
concept 

offer adequate manual backup? 
offer cailup conference calls? 
offer positive ringback? 
offer line grouping? 
offer automatic signaling? 
offer automatic routing? 
offer compressed/abbreviated dialing? 

offer call transfer? 

2.10.2.3 Assumptions and Estimation Conditions 

The answers to these questions will be provided by communications 

analysts. 

1 

2.11 AREA; STANDARDIZATION 

Standardization is defined as the ability of a communications system 
design to use common, compatible, or interchangeable equipment and supplies. 
Standardization includes the aspect of multiplicity of CE equipment. 

2.11.1 Aspect; Multiplicity of CE Equipment 

The degree of standardization of CE equipment will be determined 
for each concept. Specifically, the number of categories or families of 

CE equipment will be computed. 

2.11.1.1 Quantitative Measure of Effectiveness 

Number of categories of CE equipment required by each concept. 

2.11.1.2 Estimation Procedures 

The system design effort in Task V will provide TOEs for each 
unit within an echelon. The TOEs indicate quantities and types of equip- 
ment to be employed. The next three steps are as follows: 

0 Determine the families into which the equipment is to 

be categorized; 

• Place each piece of equipment in the appropriate family 

of equipment; 

0 Enumerate the families of equipment. 

2.11.1.3 Assumptions and Estimation Conditions 

Categorization by families for all equipment (Including those 
currently in RSD) will be performed by the system designers. 
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2.12 AREA! MAINTAINABILITY 

Maintainability is defined as the ease with which the necessary pre- 
ventive, corrective, and software maintenance can be provided for the coa- 
■unications system. Maintainability includes the following aspects: 

a Ease of providing preventive maintenance 
* Ease of providing corrective maintenance 
0 Ease of updating software. 

2.12.1 Aspect; Ease of Providing Preventive Maintenance 

The concepts will be evaluated according to the amount of scheduled 
maintenance (manhours by MOS) required for the system and the ease of pro- 
viding that maintenance. This ease will be determined by considering the 
physical location of the equipment, test equipment, and spare parts 
required for maintenance, and the downtime that must be scheduled for 

the maintenance. 

2.12.1.1 Quantitative Measure of Effectiveness 

• Total manhours, by MOS, to provide preventive maintenance 

for the system; 

* Percentage of total manhours of preventive maintenance 
that can be performed without the need for additional 
test equipment; 

0 Cubic feet of storage necessary for spare parts required 
in the inventory for preventive maintenance. 

2.12.1.2 Estimation Procedures 

The system design effort in Task V will provide TOEs for each unit 
within an echelon. These TOEs indicate quantities of types of equipment 
required for each alternative. For the «.  pment of each alternative, the 
MOS required for maintenance and the requi-ed scheduled maintenance will be 
Identified. From this information, the total manhours, by MOS, to provide 
preventive maintenance to the system will be calculated. 

By identifying the scheduled preventive maintenance that can be 
accomplished without the use of additional equipment, a percentage of such 
maintenance in terms of manhour requirements can be calculated. 

The system design effort will provide information that Indicates 
the storage volume required for spare parts needed in the inventory for 

preventive maintenance. 

Answers to the following questions will form the basis for the 

qualitative comparison of the concepts! 

A-41 

.— -■ -      ■--'lll'l    ,.[Ml  rtiiMMMgjMlitodlMIII» ——'  - -     '-■  -iMH»-.«iairii»in «■ uririmiirl 



ii       «liwi- " qtuwrni m 11 i iii»(i,"w««pf|p(Pw»i^«pm^»«tw>wiBBi<P"iwi"Ui| "^mmmmi^*mimmuiimi,ii TI 

To what degree does the physical location (remoteness) 
of deployed equipment result in an additional burden in 
providing scheduled maintenance? 

How does the required downtime that must be scheduled for 
raaii tenance affect system performance? 

I 
The answers to these questions will be based on a qualitative evaluation of 
e^ch of the concepts performed by communications analysts.  These answers 
will be in the form of a qualitative MOE. 

2.12.1.3 Assumptions and Estimation Conditions 

For all equipment in the current inventory, associated MOSs, 
scheduled preventive maintenance, and spare parts requirements can be iden- 
tified from technical manuals.  Far equipment currently in R4D, the system 
designers will provide this infomation.  Storage requirements for spare 
parts will also be provided by syiitem designers. 

2.12.2 Aspect; Ease of Providing Corrective Maintenance 

The concepts will be evaluated according to the amount of correc- 
tive maintenance (manhours by MOS) required for the system and the ease of 
providing that maintenance. The amount of corrective maintenance required 
will be determined by the MTBF and the MTTR for the equipment. The ease 
of providing the maintenance will be determined by considering the physical 
location of the equipment in relation to the test equipment, spare parts, 
and manpower (by MOS) that is required for the maintenance. 

2.12.;M Quantitative Measure of Effectiveness 

Estimated total manhours, by MOS, required to provide 
corrective maintenance for the system; 

Percentage of estimated total manhours of corrective 
maintenance that can be performed without the ated for 
additional test equipment; 

Cubic feet of storage necessary for spare parts required 
in the  current inventory for corrective maintenance; 

NORM rate for the components of the system. 

2.12.2.2 Estimation Procedures 

The system design effort in Task V will provide TOEs for each 
unit within an echelon.  These TOEs indicate quantities of types of equlp- 
ID!ntJoquired f0r each alternatlve.  For each component of each alternative, 
the MOS required for maintenance will be specified.  On the basis of engi- 
neering experience or accumulated data on past failures and repair times. 
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the MTBF and MTTR will be determined for the equipment. Within the calcu- 
lation of MTTR will be the estimated manhours required to make the repair. 
From thi» information, the total manhours (by MOS) to provide corrective 
maintenance to the system will be estimated. 

The above information will involve itemizing specific expected 
repair work and the time required to accomplish these specific repairs. 
By categorizing these repair needs into those that require and those that 
do not require additional test equipment, a percentage is obtained that 
indicates the estimated total manhours of corrective maintenance that can 
be performed without additional test equipment. 

The system design effort will provide information on the storage 
volume required for spare parts needed in the inventory for corrective 
maintenance. 

The NORM rate will be calculated from empirical data provided by 
the Array Logistics Management Center ac Fort Lee. 

Answers to the following questions will fonn the basis for the 
qualitative comparison of the concepts: 

0 What is the capability of TCCF in detecting and iden- 
tifying equipment failure? 

0    To what degree does the physical location (remoteness) 
of deployed equipment result in an additional burden in 
providing corrective maintenance? 

The answers to these questions will be based on a qualitative evaluation 
of each of the concepts performed by communications analysts.  These ans- 
wers will be in the form of a qualitative MOE. 

2.12.2.3 Assumptions and Estimation Conditions 

For all equipment in the current inventory, MOS and spare parts 
requirements will be identified from technical manuals. For equipment cur- 
rently in R&D, the system designers will provide this Information. 

Storage requirements for spare parts will also be provided by 
system designers. Empirical data necessary for the calculation of NORM 
rates will be GF1. 

2.12.3 Aspect; Ease of Software Updates 

The concepts will be evaluated according to the estimated time, in 
manhours by skill level, to perform software modifications either on a con- 
tinual basis or as required by any special situation.  The ease of pro- 
viding these updates in the field is further Indicated by the extra person- 
nel required (in adlition to on-site operations and maintenance personnel) 
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and by the extra software/hardware aids needed for update tests and debug- 

ging procedures. 

2.12.3.1 Quantitative Measure of Effectiveness 

0 Manhours per language (skill level) for continual needs; 

0 Manhours per language for each special situation that 
dictates software update. 

2.12.3.2 Estimation Procedures 

Communications analysts, in conjunction with system designers, 

will perform the following steps: 

0  Identify system software that might require modification 

in a changing environment; 

• Determine situations that dictate software modification; 

0 Identify situations that can be considered continual; 

0 Indicate tl.c lang-iage and estimate the extend of modifi- 
cation in terms of manhours required for individuals 

proficient i.. that language; 

0 Summarize manhours per language (skill level) for con- 
tinual needs and also for each special situation that 

dictates software modification. 

In addition, ansvrers to the following questions w'll be used to 

compare the concepts: 

0 In addition to on-site ovaraflons Jiia »ftiwt« \ce  person- 
nel, what personnel are required o pu^o.n Boftware up- 

dates in the field? 

0 What extra software/hardware 
tests and debugging procedures* 

...»dc   «t update 

The answers to these questions will be based on a quaiitt. 
of each of the concepts performed by connunicatlor .. ■,, 

wars will be in the form of a qualitat; »•■ MOE. 

2.12.3.3 Assumptions and tstimation CordUiona^ 

None. 

v luation 
*»* ^e ans- 
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2.13 AREA; RF SPECTRUM REQUIREMENTS 

Two factors are Included in the evaluation of spectrum requirements 
for each concept: the amount of RF bandwidth to support the concept, and 
the flexibility of necessary frequency allocations. RF spectrum require- 
ments include the following aspects: 

"    RF bandwidth requirements 
* Flexibility of frequency allocation. 

2.13.1 Aspect; RF Bandwidth Requirements 

This aspect examines the amount of radio frequency spectrum required 
to support the operation of a candidate concept. 

2.13.1.1 Quantitative Measure of Effectiveness 

Spectrum requirements output from EMC/EMV analysis. 

2.13.1.2 Estimation Procedures 

The EMC/EMV analysis will provide an output that lists the number 
of frequencies (by major band category) needed to deploy a candidate con- 
cept.  Adjustments will be made, where appropriate, when nonstandard chan- 
nel widths are employed. 

2.13.1.3 Assumptions and Estimation Conditions 

None. 

2.13.2 Aspect; Flexibility of Frequency Allocation 

This aspect examines each candidate system in terms of the flexibi- 
lity offered in satisfying frequency allocation requirements. 

2.13.2.1 Quantitative Measure of Effectiveness 

Not applicable. 

2.13.2.2 Estimation Procedures 

This aspect will be a qualitative discussion of the flexibility 
a candidate concept offers system managers in the assignment of frequencies 
and channels to users.  The discussion, as taken from the "desk-level" EMC/ 
EMV supplementary evaluation, leads to conclusions which will consider 
international, national, allied, and other service frequency requirements 
and usage in the area of operations, as well as co-site needs. 
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2.13.2.3 Assumptions and Estimation Conditions 

None. 

2.14 ARPA! ELECTROMAGNETIC COMPATIBILITY 

EMC Is the ability of communications-electronics equipments, subsys- 

tems, and systems, together with electromagnetic devices, to operate in 
their intended operational environments without sufferlug or causing unac- 
ceptable degradation due to unwanted electromagnetic rndiation or response. 

EMC Includes the following aspects: 

0 INTACS compatibility 
0 INTACS/other Army CE systems coc^atibility. 

2.14.1 Aspect; INTACS Compatibility 

CompatiblHty is defined as the capability of electronic equipment 

to operate in an environment in which only other radiating equipment of 
the system is operating, without significant performance degradation caused 
to or by the other system equipment.  INTACS compatibility is measured in 
terms of the impact of unintentional electromagnetic interference on other 

equipment in INTACS. 

2.14.1.1 Quantitative Mp.asure of Effectiveness 

Weighted «verage of EMC/EMV analysis compatibility subtest scores. 

2.14.1.2 Estimation Procedures 

The Interference prediction model (IPM) derives compatibility 
scores for each net type after computing P(S0)8 of commmlcations links in 
nets operating in the presence of unintentional Interference in the test 
bed      The MOE is a weighted arithmetical mean of these scores on the basis 
of the n'imber of nets of the net type and a weighted value for the net type 
determined by communications   analysts*: 

WCP - 

I    9t Nt  (CP)t 

-t^ —        (0 <WCP < 100) 

I    Vt Nt 

t-1 

where 

WCP       - weighted average of EMC/EMV analysis conpatlbl- 
llty subtest score 

* Where applicable, these will be taken from DACE-CMS-E letter of 27 Decem- 
ber 1973, Subject: Standards for Weighting Communications and Electronic» 
Nets and Links in Simulated Force Models. 
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t 

- number of different discrete net types 

■ a discrete net type, t-1, 2, 3, 4, ... T 

- values of net type t 

■ number of nets of net type t in the system (N - 
1, 2, 3, 4, ...) C 

(CP) compatibility subscore for net type t. 

2.14.1.3 Assumptions and Eatlmatlon Conditions 

None. 

2.14.2 Aspect; INTACS/Other Army CE Systems Compatibility 

This aspect Is to determine the Impact of unintentional electromag- 
netic Interference caused by INTACS alternative concepts on other Army CE 
nets In the test bed (e.g., communications links associated with unattended 
ground sensors). 

2.14.2.1 Quantitative Measure of Effectiveness 

EMC/EMV analysis of other CE systems compatibility scores. 

2.14.2.2 Estimation Procedures 

The output of the "other CE systems compatibility" subtest is a 
listing of selected CE links that will suffer degradation, with a number 
indicating the relative degree of degradation. 

2.14.2.3 Assumptions and Estimation Conditions 

None. 

: 
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3.0 UTILITY ALLOCATION 

This section provides the US Army directive that established teams 
for the allocation of utility; it further provides the consolidated allo- 
cation that will be used in the INTACS effectiveness evaluation for the 
mid range time frame systems. 
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S-20 February 1974 

ATCD-C1-E 

SUBJECT:  Measures of Effectiveness (MOEs) for Integrated Tactical Commu- 
nications System (INTACS) Study 

Commander, US Army Logistics Center, Ft Lee, Virginia 23801 
Commander, US Army Combined Arras Combat Development Activity, Ft Leavenworth 

Kansas 66027 
Commander. US Army School/Training Center, ATTN: ATSO-CTD, Ft Gordon 

Georgia 30905 

1. The effectiveness methodology for the INTACS Study requires determina- 
tion of relative importance of identified measures of effectiveness (MOEs) 
through a hierarchical system of communications areas and aspects.  This 
relative importance is to be reflected by the allocation of quantitative 
weights to each MOE.  These weights are called utiles.  The number of 
uriles allocated to each MOE is a key input for the INTACS Study.  Enclo- 
sure 1 describes the allocation process. Enclosure 2 contains applicable 

definitions. 

2. In order to ensure validity, the allocation of utiles to MOE must be 
made in light of the effect of the MOEs on communications in support of a 
combat situation.  Allocations must be made only by experienced Individuals; 
furthermore, it is required that more than one independent allocation of 
utiles be made to provide depth for analysis and to ensure that the 
results represent a balance of military Judgement.  Accordingly, four 
Independent evaluations will be made by teams at the US Army Combined Arms 
Combat Development Activity (USACACDA), US Army Logistics Center (USALC), 
US Army Southeastern Signal School (USASESS), and at Headquarters, US Army 
Training and Doctrine Conmand (HQ TRADOC). Team members at USACACDA and 
HQ TRADOC will be combat arms officers with command experience at battalion 
or higher level.  Teams at USASESS and USALC will consist of personnel with 
equivalent command experience within thelt specialties. 

3. Teans will be organized as follows: 

a. A minimum of six voting members, including the chairman. 

b. A chairman of 0-6 rank will be designated for each team. 

c. Each team will document its organization and rules of procedure. 
These rults should be simple, should be few in number, and should Include 
whatever methodology the team plans to use to make its allocation. 
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ATCI^-C1~E 
SUBJECT:  Measures of Effectiveness (MOEs) for Integrated Tactical Conmu- 

nlcations System (INTACS) Study 

it.     Procedures for allocating utiles: 

a. The procedure described In Enclosure 1 will be used as a basis for 

allocation of utiles. 

b. The initial allocation will employ the areas, aspects, and MOEs 
defined In Enclosure 2.  Having accomplished the Initial allocation, each 
team (or member) may then make an independent analysis and allocation based 
on new. changed, or eliminated areas, aspects, and MOEs which it considers 
will produce a better set of measures to evaluate the effectiveness of 
communications systems.  Every effort will be made to reduce the number 
of areas, aspects, and MOEs.  New or changed areas, aspects, and MOEs 

must be defined. 

c. Allocations will be made on the basis of military judgement, 

team will produce a 

Each 

"team" position. 

5. The results arrived at by each team will be published as follows 

a.  Allocation of utiles to the MOEs, as described in paragraph 4b 
above, will use the format in Enclosure 3.  An allocation form will be 
prepared and submitted for each team member, as well as a form representing 
the views of the team as a whole. Each allocation will be supported by a 

brief rationale. 

b  The allocation arrived at by the team based on elimination, change, 
or addition of areas, aspects, or MOEs will be documented in the aame 
manner. Allocation criteria, rules of thumb, or other aids and guides 

used by the teams will be briefly described. 

c. Completed reports documenting team results (to Include individual 
member results) will be submitted to HQ TRADOC, ATTN: ATCD-CI-E, by close 
of business on 20 February 1974. The independent results of «ach team will 
be submitted.  Recommendations and/or comments resulting from staffing may 

be submitted as an addendum to the team report. 

6.  In order to assist, this headquarters is prepared, upon request, to 
provide an orientation briefing on methodology and to answer questions for 
the teams prior to their allocation effort.  Point of contact for this 

headquarters is LTC Foster, AUT0V0N 680-3465. 
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ATCD-CI-E 
SUBJECT: Measures of Effectiveness (MOEs) for Integrated Tactical Co«inu- 

nlcatlons System (INTACS) Study 

7  The results of the four Independently conducted allocation actions 
will be analyzed and correlated by this hesdqusrters prior to presentation 

to the INTACS contractor and the DA Study Advisory Group. 

FOR THE COMMANDER; 

3 End: 
1. Utile Allocation 
2. Definitions 
3. Utile Fonaa- 

CF: w/encl 
Comdt, USASESS 

ROBERT C. McALlSTER 
Major General, GS 
Deputy Chief of Staff 

for Combat Developments 

" 
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ENCLOSURE 1 

UTILE ALLOCATION 

1. A utlle Is a dimenslonless quantity used to weigh the measures of effec- 
tiveness (MOEs) that will form a basis for evaluation of the alternative 
communications systems. 

2. The assignment of utiles to MOEs is a subjective process.  The number 
of utiles assigned to an MOE designates the relative importance of the MOE 
when compared against other MOEs.  As an example, if MOE-1 has been assigned 
10 utiles and MOE-2 has been assigned 5 utiles, this indicates that MOE-1 
is twice as Important as MOE-2. 

3. For the purposes of this exercise, a communications system is assigned 
1000 utiles.  The allocation process is a method by which this 1000 utiles 
is divided among the various MOEs so that the number of utiles assigned to 
an MOE will reflect its relative contribution to communications systems 
effectiveness.  The process is accomplished by successive assignment of 
utiles to areas, aspects, and finally to MOEs.  Distribution of utiles is 
separated into three stages to limit the number of elements that must be 
considered at one time. The first stage is to distribute the total utiles 
among the fourteen areas.  The basis for this allocation Is the relative 
importance of each communications system area under consideration. As an 
example, if there were only five areas, the breakout might look like this: 

1000 

250 400 

System 

Q20] 150 80   - Areas 

The number of utiles assigned to each area is not expected to be equal, but 
should be apportioned to each area in accordance with its relative impor- 
tance. The sum of the utiles of all areas must equal 1000. 

In the second stage, these area utiles are subdivided and allocated to 
aspects within each area. If a particular area has three aspects, the 
breakout of utiles might look like this: 
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250 

125 75 50 

Area 

Aspects 

In this case, the total number of utlles assigned to the three aspects equals 
the number assigned to the parent area (i.e., 250).  As in the case of areas, 
note that the sum of all the utiles assigned to all aspects of all areas 
must equal 1000. 

In the third stage, using a similar procedure, the MOE utiles are derived 
from aspect utiles.  As an example, for an aspect with three MOEs, the 
breakout might look like this: 

75 

125 

40 10 

Aspect 

MOE 

The sum of the three MOEs assigned to this aspect will equal that of its 
parent aspect. As for areas and aspects, the sum of all the utiles assigned 
to all MOEs must equal 1000. 

4.  Additional procedures: 

a. At least one utile must be allocated to each MOE. 

b. No fractional utiles will be used. 

c. After completing the process, MOEs will be rank-ordered based on the 
number of utiles allocated. MOEs that are assigned the same utile value 
will be considered to have equal rank of relative importance.  If this rank- 
ordering places an MOE in a relative rank that is considered to be out of 
line, then utiles uiust be reallocated. This is mostly done by recycling 
the entire process.  Therefore, it may be necessary to complete several 
Iterations of the entire process in order to arrive at an allocation that 
will yield the rank order deemed appropriate by the evaluation (or team). 

d. If, after completion of the entire process described above for the 
Initial 14 areas and 63 MOEs, the team (or an individual) decides on a dif- 
ferent (preferably smaller) set of MOEs as a better measure of effectiveness, 
then a similar procedure should be followed to allocate utiles and rank-order 
the MOE. 
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ENCLOSURE 2 

DEFINITIONS 

A~ea: 

Aspect and MOE: 

Aspect and MOE: 

Area: 

Aspect and MOE: 

Aspect and MOE: 

Aspect and MOE: 

Aspect: 

MOE: 

MOE: 

Aspect and MOE: 

Electromagnetic Compatibility - the ability of radio 
communications equipment to function in an operational 
environment without suffering degradation through 
mutual interference. 

Unintentional Interference on a radio from other radios 
within the system. 

Unintentional interference on a radio net from equip- 
ment of other friendly forces in the area. 

Flexibility - the ability of the communications system 
to expand, contract, and/or reorganize to satisfy a 
variety of communications requirements. 

Ability of the system to function in various operational 
environments and on various terrains. 

Ability of the system to adapt to a changing force 
structure. 

Ability of the system to meet a commander's change in 
mission. 

Impact on system performance from increasing the volume 
of traffic for computer systems (data traffic). 

System degradation caused by Increased sensitivity to 
disturbances.  (Data traffic is more sensitive than 
voice to Interference. This could be caused by atmos- 
pheric conditions or enemy jamming, or It could be 
unintentional Interference from other friendly equip- 
ment in the area.  Typically, data traffic would require 
retransmissions more frequently than would voice traffic.) 

Quality of transmissions for data systems such as TOS 
and TACFIRE. 

Ability of the communications system to accommodate 
additional subscribers. 
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Aspect and MOE: 

Aspect and MOE: 

Aspect and MOE: 

Aspect and MOE: 

Area: 

Aspect: 

MOE: 

MOE: 

MOE: 

Aspect and MOE: 

Area: 

Aspect: 

MOE: 

MOE: 

MOE: 

Ability of the system to satisfy the communications 
requirements of a unit on a special mission. 

Total time of interrupted service for subscribers 
affected by CF displacement. 

Ability of the system to operate in varied deployments. 

Increased system performance resulting from using equip- 
ment modularity. 

Logistical Support - the ability to satisfy support 
requirements of the communications system in terms of 
power sources, spare equipment, and spare parts. 

Ease of providing required parts support. 

Degree to which critical equipment in the system is not 
operationally ready due to the nonavailability of re- 
quired parts (NORS rate). 

Storage requirements to maintain the necessary spare 
parts Inventory in support of the communications system. 

Ability to respond to a need for spare parts.  (This 
will be measured in terms of stockage-levels maintained 
and locations of parts/maintenance support centers with 
respect to the using units.) 

Generator requirements for communications equipment. 

Maintainability - the ability to provide the necessary 
maintenance for the communications system. 

Ease of providing preventive maintenance. 

Total manhours required to provide preventive maintenance 
for the system. 

Percentage of preventive maintenance that can be per- 
formed without special test equipment. 

Storage requirements for spare parts needed for preven- 
tive maintenance. 

MOE: Ease of providing preventive maintenance measures in 
terms of: 

" Required downtime that must be scheduled for 
the maintenance; 

0 Physical location (remoteness) of deployed 
equipment. 
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Aspect: 

MOE: 

MOE: 

MOE: 

MCE: 

MOE: 

Aspect; 

MOE: 

MOE: 

MOE: 

Area: 

Aspect and MOE: 

Aspect: 

MOE: 

MOE: 

Area: 

Aspect: 

Ease of providing corrective maintenance. 

Total manhours required to provide corrective mainte- 

nance for the system. 

Percentage of corrective maintenance that can be per- 
formed without special teec equipment. 

Storage requirements for spare parts needed for correc- 

tive maintenance. 

Degree to which equipment is not operationally ready 
a.id awaiting maintenance (NORM rate). 

Impact of physical location (remoteness) of deployed 
equipment on the ease of providing corrective mainte- 

nance for that equipment. 

Ease of maintaining computer-assisted parts of the com- 

munications system. 

Manhours and skill le/els required for normal computer 

maintenance. 

Manhours and skill levels required for special 

maintenance. 

Ease of providing this computer maintenance measured 

in terms of: 

0 Off-site personnel requirements 

0 Special debugging side required. 

Mobility - the ability of the system to provide users 
a communications capability during movement. 

Physical setup and teardown times for critical equipment 

and major assemblages of equipment. 

Ability to communicate during movement. 

Grade of service during movement. 

Change in message quality during movement. 

Operabllity - the ease of using the coimminicatlons sys- 
tem so that it adequately serves the needs of the user. 

Degree of difficulty in system operation. 
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MOE: Number of personne], by MOS, required to operate the 
communications system. 

MOE: Ease of placing a telephone call. 

Aspect and MOE:    Service features such as: 

o 
Command override 
Conference calls 

0 Abbreviated dialing. 

Area:             Quality of Service - the ability of the system to pro- 
vide the user with successful first-try call Initiation 
in a timely manner and with intelligible message 
transmission. 

Aspect and MOE:    Grade of service (probability that a telephone or tele- 
type message will not be blocked). 

Aspect and MOE:    Speed of service (probability that a teletype message 
will be received within the acceptable t* ae specified 
by JCS for the precedence of that message). 

Aspect and MOE:    Information quality (probability that the received mes- 
sage will be intelligible). 

Area: RF Spectrum Requirements - the number and width of radio 
frequency channels required to implement the operation 
of a given radio system.  This number is a function of 
the number of nets to be formed and is also dependent 
upon equipment range and the location of net users. 

Aspect and MOE:    Amount of radio frequency spectrum required to support 
the operation of the communications system.  (If the 
number of separate frequency assignments required within 
the system is too high, the frequencies allocated may 
be close to one another and interference by other users 
In the system will increase.) 

Aspect and MOE:    Degree of flexibility in the assignment of frequencies 
by systems managers. 

Area: Reliability - the ability of the system to have equip- 
ment available and operational when needed. 

Aspect and MOE:    Availability of the system to the user considering up- 
time and downtime of necessary equipment. 

Area: Security - the ability of the system to deny the enemy 
the capability of deriving useful intelligence from 
communications transmissions, 
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Aspect and MOE: 

Aspect and MOE: 

Aspect and MOE: 

Aspect and MOE: 

Aspect and MOE: 

Aspect and MOE: 

Aspect and MOE: 

Area: 

Aspect and MOE: 

Area: 

Aspect: 

MOE: 

MOE: 

MOE: 

Aspect and MOE: 

Area: 

Aspect: 

Ability of  the system to provide Increased secure 
commanlcatlons. 

Limitations  Imposed upon  the system due  to Increased 
requirements when security Is provided (e.g.,  Increased 
size and weight of equipment,  additional logistical 
support  requirements,   etc.). 

Ability of the system to provide the user with the 
capability of secure communications with allied or 
interservice  forces. 

Ability of  the system to accommodate an increase in 
secure suoscribers. 

Ease of  restoring system security after compromise. 

Percent of subscribers provided with total secure service, 

Ability of the radio net to avoid enemy interception. 

Standardization -  the degree  to which the communications 
system uses common, compatible, or interchangeable 
equipment. 

Number of  categories of communications equipment. 

Survivability - the ability of the system to function 
during and after destructive physical and electronic 
attack. 

Impact of destruction of communications system nodes. 

Network redundancy  (number of nodes that must be des- 
troyed before communications service drops to an unac- 
ceptable level). 

Subscriber loss resulting from nodal destruction. 

Alternate capabilities  inherent within the system to 
minimize the impact of destruction of communications 
system nodes   (e.g.,  alternate routing of traffic through 
other nodes,  alternate nodes of transmission, etc.). 

Disruptive  Impact of enemy jamming. 

Transportability - the ease of transporting communica- 
tions (iquipmiut. 

Size and weight of communications equipment,  support 
parts, and power sources. 
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MOE: 

MOE: 

Aspect and MOE: 

Area: 

Aspect: 

MOE: 

MOE: 

MOE: 

Volume of equipment and power nources. 

Weight of equipment and power sources. 

Organic transport capability (i.e.. percentage of the 
communications system that can be transported by organic 

means). 

Aspect and MOE:    Portability of equipment; for example: 

0 Can be suspended from belt, carried in a 
pocket, operated on-the-move; 

0 Can be transported by one man, but cannot 

be operated on-the-move; 

• Can be mounted on a vehicle (such as a jeep) 

and operated on-the-move. 

Vulnerability - the degree to which the communications 
system is susceptible to destructive physical and 

electronic attack. 

Susceptibility to detection and physical destruction. 

Distance of important nodes from the enemy.  (The actual 
measure of effectiveness evaluates the ability of the 
communications system to locate a node as far away from 
the enemy as possible while still providing all services 

requited by the users.) 

Susceptibility of the communications system to physical 

destruction. 

Susceptibility of transmitters to direction-finding by 

the enemy. 
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ENCLOSURE 3 

ALLOCATION OF UTILES TO AREAS 

1. Electromagnetic compatibility 

2. Flexibility   

3. Logistical support  

A. Maintainability   

5. Mobility  

6. Operablllty   

7. Quality of service  

8. RF spectrum requirements. . . 

9. Reliability   

10. Security  

11. Standardization   

12. Survlvablllty   

13. Transportability  

14. Vulnerability   

 - -■- — - - — 
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ALLOCATION OF UTILES TO ASPECTS 

1. Electromagnetic compatibility 

INTACS compatibility   

INTACS/other system compatibility  

2. Flexi-bility 

Function in varying operational environments . . . 

Changes in force structure   

Change in mission  

Varying ratios of traffic  

Impact of added subscribers  

System modularity  

Downtime for CP displacement   

Operation in varying deployments   • 

Hardware modularity  

3. Logistical support 

Required parts support   

Power requirements • • 

4. Maintainability 

Provision of preventive maintenance  

Provision of corrective maintenance  

Provision of software update ...   
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5. Mobility 

Setup/teardown time  

Comnunlcatlon during moves   

6. Operability 

Difficulty of system operation   

Service features   

7. Quality of service 

Grade of service   

Speed of service   

Information quality  

8. Rf spectrum requirements 

RF bandwidth requirements  

Flexibility of frequency allocation  

9. Reliability 

System availability  

10. Security 

Provision for increased secure communications. . . 

Limitations due to increased security  

Ratio of secure to nonsecure users   

Interface security requirements. .   

Restoration after compromise   

Degree of security   

Interceptibillty  . . . 

11. Standardization 

Multiplicity of CE equipment   
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12. SurvlvablUty 

Impact of nodal destruction. < 

Impact of jannlng  

13. Transportability 

Equipment size and weight. . . 

Vehicle requirements   

Portability  

14. Vulnerability 

Physical destruction   

1000 
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ALLOCATION OF UTILES TO MOE 

1. Electromagnetic  compatibility 

INTACS compatibility 

EMC/EMV INTACS compatibility  

INTACS/other system compatibility 

EMC/EMV other system compatibility. . . 

2. Flexibility 

Function in varying operational environments 

Operational environment   

Changes in force structure 

Force structure   

Change in mission 

Change in mission   

Varying ratios of traffic 

Variation of data/voice traffic ratio , 

Data transmissions  

Impact of added subscribers 

Additional subscribers  

System modularity 

System modularity   

Downtime for CP displacement 

Downtime for CP displacement  
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Operation in varying deploymentB 

Various deployments   

Hardware modularity 

Hardware modularity   

3.  Logistical support 

Required parts support 

NORS rate   

Volume of parts inventory   

Ease of support   

Power requirements 

Total power   

A. Maintainability 

Provision of preventive maintenance 

Manhours preventive maintenance . . . . 

Maintenance hours without equipment . . 

'   Volume of preventive maintenance parts. 

Ease of preventive maintenance  

Provision of corrective maintenance 

Manhours corrective maintenance . . . . 

Maintenance hours without equipment . . 

Volume of corrective maintenance parts. 

NORM rate   

Ease of corrective maintenance. ... 

Provision of software update 

Manhours/language - continual .... 

Manhours/language - special   

Ease of software maintenance  
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5. Mobility 

Setup/teardown time 

Physical setup/teardown ti«e. . 

Communication during moves 

COS during a move   

Change in message quality . . . 

6. Operability 

Difficulty of system operation 

Ease of placing a call  

Ease of maintaining a directory 

Number of personnel   

Service features 

Service features  

7. Quality of service 

Grade of service 

Grade of service  

5peed of service 

Speed of scivice  

Information quality 

Information quality   

8. RF spectrum requirements 

RF bandwidth requirements 

EMC/EMV spectrum requirements  . 

Flexibility of frequency allocation 

RF spectrum flexibility .   .   .   . 

A-67 

-  -    - -     -■ ,-^—.^^-^^M^u, .^^  ----- li     iiini MM i     ^a—■ 



9.     Reliability 

System availability 

System availability    

10. Security 

Provision for Increased secure communications 

Ability to Increase security  

Limitations due to Increased security 

Limitations of Increase   

Ratio of secure to nonsecure users 

Ratio of secure to nonsecure users  

Interface security requirements 

Interface security requirements   

Restoration after compromise 

Compromise restoral   

Degree of security 

Number of subscribers end-to-end secure .... 

Interceptlblllty 

Interceptlblllty  

11. Standardization 

Multiplicity of CE equipment 

Number of equipment categories  

12. Survivabillty 

Impact of nodal destruction 

Number of nodes destroyed to reduce GOB to 
specified level   

Subscriber loss due to nodal destruction. . . . 

Alternate capabilities  
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Impact of Jannalng 

EMC/EHV Jamming vulnerability   

13.  Transportability 

Equipment size and weight 

Volume of system  

Weight of system  

Vehicle requirements 

Transport vehicles organic  

Portability 

Portability   

14. Vulnerability 

Susceptibility to detection and physical destruction 

Distance of nodes from the enemy  

Susceptibility to physical destruction  

Susceptibility to direction-finding   
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DEPARTMENT OF THE ARMY 
NEIOOUMTERS UNITED  SMHS  MUT   SOUTNEASTERN  SICNIL  SCHOOL 

FORT  COROON    CE0R6II    30005 

IN »tPi» «ere« TO 

ATSO-CTD-CS 8 April 1974 

SUBJECT: Approved Utile Allocation for Task HI 

w. 

Martin-Marietta 
ATTN:  Mr. Robec 
P. O. Box 7128 
Fort Gordon, Georgia 

i Corporation 
JET Cuthill 

./•Tr'«'i 

30905 

J r. 
1 'Nj 

1. Inclosed is the USATRADOC approved allocatTöWöTf utiles 
for use in Task V and for inclusion in the Task III Report. 

2. The values assigned to the various MOE are not considered 
to be fixed, however, any changes that are desired must be 
approved by the COR and if major revisions are intended, 
HQ USATRADOC must be Informed. 

1 Incl 
as 

VVXA^A. Winm 
' GENE R. FARMELO 
Can lain. Signal Corps 
Contracting Officer'^ Representative 
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DEPARTMENT OF THE ARMY 
HEADQUARTERS UNITED STATES ARMY TRAINING AND DOCTRINE COHMANO 

FORT MONROE. VIRGINIA XMOC   23651 

ATCD-CI-E 2 APR 1974 

SUBJECT: Measures of Effectiveness (MOE) for Integrated Tactical 
Communications System (INTACS) Study 

Commander 
US Army School/Training Center & 
Ft Gordon 
Fort Gordon, GA 30905 

Attached as Inclosure 1 are TRADOC approved Measures of Effectiveness 
(MGE) for use in the INTACS Study. 

FGR THE COMMANDER: 

1 Incl 
as 

MICHAEL A. RAMDALL 
MAJ, AGO 
Aast A0 

CF:    w incl 
Ipadft, USASESS 

ATTM:    ATSO-CTD-CS 
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ALLOCATION OF UTILES TO AREAS AND MOES 

1. Quality of service 

a. Grade of service 

b. Speed of service 

c. Information quality 

2. Operablllty 

a. Ease of placing a call 

b. Ease of maintaining a directory 

c. Number of personnel 

d. Service features 

3. Reliability 

System availability 

4. Maintainability 

a. Manhours preventive maintenance 

b. Maintenance hours without equipment 

c. Volume of preventive maintenance parts 

d. Ease of preventive maintenance 

e. Manhours corrective maintenance 

f. Maintenance hours without equipment 

g. Volume of corrective maintenance parts 

h.  NORM rate 

AREA 

114 

93 

129 

84 

MOE 

34 

33 

47 

21 

11 

25 

36 

12? 

13 

7 

5 

12 

6 

5 

4 

9 
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AREA 

1.     Ease of corrective maintenance 

j.     Manhours/language - continual 

k.     Manhours/language - special 

1.     Ease of software maintenance 

5. Electromagnetic compatibility 

a. EMC/EMV INTACS compatibility 

b. EMC/EMV other system compatibility 

6. Logistical support 

a. NORS rate 

b. Volume of parts Inventory 

c. Ease of support 

d. Total power 

7. Security 

a. Ability to Increase security 

b. Limitations of Increase 

c. Ability of the system to expand 

d. interface security requirements 

e. Compromise restoral 

f. Number subscribers end-to-end secure 

g. Interceptlbllity 

8. Flexibility 

a. Operational environnent 

b. Force structure 

c. Change in mission 

d. Variation of data/voice traffic ratio 

50 

79 

71 

95 

MOE 

6 

5 

5 

7 

32 

18 

18 

8 

12 

41 

15 

12 

8 

8 

9 

8 

11 

13 

13 

12 

6 
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AREA 

e. Uaf.i tranHmls8ions 

f. Additional subscribers 

g. System modularity 

h.     Downtime for CP displacement 

1.     Various deployments 

j.     Hardware modularity 

9.     Mobility 

a. Physical  setup/teardown time 

b. GOS during a move 

c. Change In message quality 

10. Transportability 

a. Volume of system 

b. Weight of system 

c. Transport vehicles organic 

d. Portability 

11. RF spectrum requirements 

a. EMC/EMV spectrum requirements 

b. RF spectrum flexibility 

12. Standardization 

Number of equipment categories 

13. Survivability 

a. Number of nodes destroyed to reduce GOS 
to specified level 

b. Subscriber loss due to nodal destruction 

c. Alternate capabilities 

d. EMC/EMV jamming vulnerability 

75 

46 

41 

39 

45 

MOE 

7 

11 

5 

12 

10 

6 

38 

17 

20 

8 

8 

17 

13 

22 

19 

39 

8 

8 

5 

26 
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14.  Vulnerability 

a. Distance of nodes from the enemy 

b. Susceptibility to physical destruction 

c. Susceptibility to direction-finding 

AREA 

39 

1000 

MOE 

10 

11 

18 

1000 
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RANK CORRELATION TEST FOR MOES 

The amount of correlation between all possible sets of paired ranks 
was determined by use of Spearman's formula for rank correlation.  The MOE 
values and corresponding ranks are shown in Table 1. The computed values 
for the rank correlation (r) for each possible paired combination of data 
submitted by the four participating organizations are shown below. 

Formula: 

r - 1 - 
6 £ d 

n(n2-l) 

where 

d ■ difference in paired ranks 

n * number of paired ranks. 

TRADOC vs CACDA r - 0.609 

TRADOC vs LOGS r - 0.511 

TRADOC vs SESS r ■ 0.673 

CACDA vs LOGO r ■ 0.639 

CACDA vs SESS r ■ 0.767 

LOGO vs SESS r - 0.689 

Null hypothesis: The paired sets of rankings are independent. 

Alternate hypothesis: 
dent (or correlated), 
less than 0.48. 

The paired sets of rankings are depen- 
The critical value for Alpha - 0.01 is 

Conclusion: Since each computed r is greater than 0.48, the 
null hypothesis of independence is rejected in favor of the 
alternate hypothesis of dependence between all possible paired 
rankings. 
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I. 

2. 

c. 

JL. 

TADLE 1.    MOE and Ranks 

TRAOOC Rank        CACDA Rank      LOCC        Rank        SESS Rank 

a. 30 9 30 9 40 5 37 6 

b. AO 7.5 10 32 20 14 38 5 

c 70 2 30 9 60 2 28 8.5 

a. 50 4 15 22.5 20 14 29 7 

b. 15 22 5 48.5 10 34 12 26 

25 

40 

11 20 16.5 30 

7.5 10 32 40 

26 

28 

10 

8.5 

3. 

4. 

120 125 130 141 

a. 15 22 10 32 15 22.5 12 26 

b. 10 31 5 48.5 5 51 10 33 

c. 5 45 5 48.5 5 51 6 57.5 

d. 20 15 10 32 10 34 9 39.5 

e. 6 40.5 6 39 5 51 9 39.5 

f. 5 45 3 59 5 51 8 47 

e. 4 50 3 59 5 51 5 59.5 

h. 15 22 10 32 5 51 8 47 

i. 10 31 3 59 5 51 7 53.5 

i. 4 50 5 48.5 5 51 8 47 

k. 6 40.5 5 48.5 5 51 6 57.5 

1. 10 31 5 48.5 5 51 7 53.5 
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' THAI IOC Rank   CACDA Rank  LOCC Rank SESS Rank 

' 5. 

51 AO 20 14 18 16 

A9 25 12 10 34 19 14 

6. 

a. 20 15 15 22.5 20 14 

b. 8 36 5 48.5 10 34 

Ct 12 26.5 10 32 15 22.5 

ift. 45 20 16.5 40 

18 

10 

39 

16 

39.5 

33 

3.5 

7. 

8. 

a. 18 18 20 16.5 10 34 12 26 

y ■ b. 16 19 10 32 15 22.5 47 

10 31 48.5 10 34 53.5 

JL. 40.5 48.5 10 34 10 33 

.' 
e. 13 25 5 48.5 10 34 

f. 8 36 10 32 5 51 

Xr 4 50 15 22.5 20 14 

10 

39.5 

33 

53.5 

a. 11 28 75 2 10 34 17 

b. 9 34 15 22.5 15 22.5 14 

c 12 26.5 10 32 5 51 14 

d- 3 53.5 5 48.5 10 34 7 

18.5 

21.5 

21.5 

53.5 

c. 58.5 48.5 10 34 59.5 

f. 8 36 10 32 15 22.5 11 29.5 

h. 

53.5 

40.5 20 

48.5 

16.5 

51 

51 18 

47 

16 
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TRADOC        Rank CACDA Rank      LOGC Rank        SESS        Rank 

9. 

10. 

II. 

12. 

13. 

i. 

14. 

a. 

b. 

c. 

b. 

c. 

d. 

a. 

b. 

a. 

b. 

c. 

d. 

a. 

c. 

15 

20 

20 

20 

15 

25 

10 

25 

38 

65 

22 

15 

15 

45 

45 

15 

22 

11 

31 

11 

58.5 

58.5 

55.5 

50 

55.5 

58.5 

50 

10 

40 

40 

20 

10 

10 

15 

20 

25 

25 

35 

35 

15 

30 

32 

48.5 

16.5 

32 

32 

22.5 

16.5 

12 

12 

6.5 

48.5 

48.5 

48.5 

6.5 

22.5 

10 

48.5 

35 

15 

20 

10 

15 

20 

55 

10 

20 

25 

10 

20 

15 

34 

51 

22.5 

14 

51 

51 

51 

34 

22.5 

14 

34 

51 

14 

J4 

14 

22.5 

12 

39 

16 

10 

11 

17 

23 

23 

41 

21 

12 

13 

26 

47 

3.5 

20 

33 

29.5 

39.5 

18.5 

39.5 

11.5 

11.5 

39.5 

53.5 

39.5 

13 

47 

26 

23 
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APPENDIX B 
COST METHODOLOGY 

This appendix contains the cost methodology to be used to evaluate the 
alternatives during Task V.  Section 1.0 provides the specific formula, 
cost-estimating relationships (CERa), or criteria used to estimate each cost 
element In the LCC model.  The equations used to aggregate the cost elements 
Into various categories are presented In Section 2.0, while the cost ele- 
ments are defined In Section 3.0 of this appendix. 

1.0 LIFE-CYCLE COST MODEL 

Total LCC Is the cost of ownership from the day a system/equipment 
Is conceived to the day It is phased out of use.  Included are the 
R&D cost, the investment cost, and the total O&M cost Incurred to 
support the equipment during use.  The total life-cycle cost is com- 
puted by using a series of simple aggregating equations of the type 
shown below: 

Total LCC = R&D Cost 
+ Investment Cost 
+ (Annual O&M Cost x Years Equipment is in Use). 

1.1 RESEARCH AND DEVELOPMENT COST 

Research and development cost includes the costs for applied research, 
engineering design, analysis, development, and testing that can be related 
to a specific communications system.  The effort from which these costs 
derive usually occurs within advanced development, engineering development, 
and operations systems development of the R&D cycle.  Elements included in 
R&D costs are shown in Figure B-l, and are defined in Section 3.0. 

The equipment that will be part of the concepts for the odd range time 
frame will typically be Items already fielded or in various stages of devel- 
opment.  For existing equipment, the R&D cost is considered sunk, while that 
for future developments will be obtained from actual or proposed outlays. 

iraCSDlND PAGB 
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1.2     INVESTMENT COST 

Investment  cost  refers   to  those program costs  required beyond  the de- 
velopmental  phase  to  introduce  Into operational  use  a new  capability;   to 
procure initial,   additional,   or replacement equipment  for operational  forces; 
or to provide  for major modifications of an existing capability.    Nonrecur- 
ring costs  refer  to  investment   costs  incurred  one   cime during the production 
phase,  although  they  can  recur  if  there is  a change  in design,  contractor, 
or manufacturing process.     Recurring costs  include production  costs  that 
recur with each unit produced,   thus tending to be subject  to a learning 
curve in which the cost per unit decreases  as quantity increases.    The cost 
incurred in the latter category  terminates with the satisfactory turnover 
of an operationally usable system to the using command or organization. 
Elements included in investment costs are presented in Figure B-2 and   are 
defined in Section  3.0  of  this  appendix. 

Figure B-2  is placed at  the end of thi;;  subsection   (page B- 11). 
The reader is asked to  fold out  this figure  to conveniently see the rela- 
tionships between  the investment cost elements  as he reads  the details of 
each in succeeding paragraphs.     The equation  for estimating investment 
cost  is as  follows: 

Total  Investment  Cost = Nonrecurring Investment Cost 
+ Recurring Investment Cost 

where 
Nonrecurring Investment Cost = Inventory Introduction + 
Initial Provisioning + Initial Tolling and Test Equipment 
+ Instructor Training + Initial Production Facilities; 

Recurring Investment Cost = Total Hardware Cost + First 
Destination Transportation + Initial Training + Site 
Activation + Acceptance Testing + Transportation from 
First Destination. 

Components, operational ready float, repair cycle float, and preposi- 
tioned war reserves are all covered within the above terms. 

The specific formulas, CERs, or criteria to be used to estimate non- 
recurring and recurring investment costs are detailed in Subsections 1.2.1 
and 1.2.2, respectively. 

1.2.1 Nonrecurring Investment Cost 

The individual elements of nonrecurring investment cost, as indicated 
above, are calculated by using the following formulas: 

0 Inventory Introduction Cost for New Line Items ■ Number of 
Parts in Inventory x Appropriate Value from the following 
table (source: Reference 4): 

B-5 
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Introduction let Year Costs 

$680 $1070 
$530 $ 770 
$450 $ 580 
$A30 $ 460 
$480 $ 510 

Unit Dollar Value 

Super High (over $25,000) 
High ($10,000 - $24,999) 
Medium ($2,500 - $9,999) 
Low (under $2,500) 
Average Cost* 

• Inventory Introduction Cost (for others) - 0 

0 Initial Provisioning Cost - 15 Percent x Hardware Unit Cost 
x First-Year Total Build + 10 Percent x Hardware Unit Cost 
x Second-Year Total Build (source: Reference 4); 

0 Initial Tooling and Test Equipment Cost - To be estimated on 
the basis of equipment complexity and guidance provided by ECOM; 

• Instructor Training Coat - 5 Percent x Hardware Unit Cost x 
Total Build (source: Reference 16); 

0 Initial Production Facilities Cost - To be estimated based 
on the nature of the new equipment and guidance provided by ECOM. 

1.2.2 Recurring Investment Cost 

The individual elements of recurring Investment cost are calculated 
by using the following formulas: 

0 Total Hardware Cost - Hardware Unit Cost x Total Build** 
(source: by definition); 

• First Destination Transportation Cost*** - 1.5 Percent x 
Hardware Unit Cost x Total Build (source: Reference 4); 

• Transportation Cost from First Destination - (0.5 Percent 
x Hardware Unit Cost x Total Build) + 1 Percent x Initial 
Provisioning Cost (source: Reference 34); 

• Represents a weighted supply requirement cost per line item plus cata- 
loging and maintenance costs. Use this number in the absence of 
specific values. 

** For the purposes of the INTACS evaluation, total build is defined as 
the total of items to be procured during the time frame under 
consideration. 

*** This is the factor presently used in the PEMA "standard pricing" proce- 
dure.  If standard prices from the Army Data File or the SB 700-20 are 
used as hardware cost, these transportation costs are already included. 
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• Initial   Training Cost -  Number of Operators x_ ^r °fr.
Ho

+
urS 

of Training x  (Course Coats/Hour + Training «•^fj*«^ 
Number of Maintenarce People x Number of Weeks of Training 
x (Course Costs/Week + Training Salary/Week); 

• Site Activation Cost - 6 Percent x Hardware Unit Cost x 
Total Build  (source: Reference 35); 

"    Acceptance Test Cost - Appropriate Figure from Table B-l 
(source:  Reference 4). 

Th* total hardware cost Includes all the hardware built and required 
to operate the conations systen under OPA funds.     Included are all the 
llAlillal costs of equipments, vehicles, power sources, peripheral equip- 
ments    anJ c^pto devices that are integral to the communicatons system 
r^rcos^for each individual equipment is that price -^J*^ 

^of^rJSKS^IoS1^; ^estimated ising the form presented 
in £gure i-3.  the components of which are defined as follows: 

0    Basic Unit - Equipment undrr analysis as produced to a type- 
gShfin configuration.     Included are all receivers    trans- 
mitters,  logic, synthesizers, amplifiers, and handsets re- 
qiireJomlke an integral piece of equipment    with antennas 
JSwer supplies, and all ancillary or support pieces separately 
identified, if possible). 

• Antenna(s) - Individual pieces of equipment not integral to 
the basic unit and having their own type classification. 

• Power Source - Batteries,  generators,  and commercial power 
required to operate the basic equipment.    For this analysis, 
commercial power was considered free of charge. 

• Vehicle - Vehicles for the CE equipment that are 100 percent 
ih^Uted with and used for transporting the CE equipment. 

• Trailer - Cargo trailers, or support trailers used solely to 
support or transport CE equipment,  antennas, and generators. 

• Shelter - Housing for the CE equipment that is 100 percent 
associated with and used to contain the equipment. 

• Air Conditioner - Air conditioners common to the CE equip- 
ment that are 100 percent used in the operation of the 
basic unit. 

• Remotes - Equipment required to operate the basic equipment 
from a distant location.    This includes all cables. 
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TABLE   B-l 
Estimated Acceptance Testing Costs 

EQUIPMENT COST 

Radios, Aircraft 

Airborne:  VHP, UHP, SSB $130,000* 

Ground Station: UHF, VHF, SSB $122,000 

Radios, Manpack $110,000 

Radios, Mobile or Vehicular $ 80,000 

Radios, Fixed Station (transmitting and receiving) $34,000 to $73,000 

Telephone Sets, Automatic and Manual Switchboards $32,000 to $73,000 

Radios, Terminal Se'-s, Relays (tropospheric) $68,000 to $202,000 

Radios, Communications Centrals (repeaters) $242,000 

Radio Components (receivers, modems, etc.) $ 40,000 

Teletypewriter Sets (systems, terminals) $ 65,000 

Centrals, Communications (i.e., SATCOM, data) $225,000 

* Includes  flight  testing. 
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Facility/Land - Includes all acquisition of real estate, 
site preparation,  and installations fabricated to provide 
an operational facility. 

Crypto/Ancillary - Equipment not integral to the basic unit 
and assigned to the basic unit to provide crypto or other 
modes of communication. 

Leasing Costs - Costs  for leasing the lines used  for commu- 
nication of any other facility leased for the use of the 
equipment. 
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1,3 OPERATION AND MAINTENANCE COST 

Included in this category are the costs of personnel and material 
facilities, plus other direct and indirect costs required to operate, main- 

tain, and support the equipment/system during the operational phase.  Inclu- 
ded also is the cost of all parts consumed in maintaining the equipment, 
as well as the cost of operating the necessary supply systems for parts, 
components, equipment, and information. 

Costs are to be estimated on a per-year basis (in all categories). 
For the purpose of cost estimation, operation and maintenance (O&M) costs 
must be divided into certain elements specifically chosen to permit maximum 
use of the cost data presently available as inputs to this costing effort. 
These cost elements are presented in Figure B-4. 

Figure B-4 is located at the end of this subsection (page B-18). 
The reader is asked to fold out this figure to conveniently see the rela- 
tionships between the O&M cost elements as he reads the details in the suc- 
ceeding paragraphs.  The equation used to estimate O&M cost is as follows: 

Annual O&M Cost Equipment O&M 
+ Vehicle O&M 
+ Generator O&M 
+ Air Conditioner O&M 
+ Contractor Maintenance 
+ Transportation Services 
+ Indirect Operating Costs. 

The individual elements of annual O&M cost, as indicated above, are 
calculated using the following formula: 

Equipment O&M Cost ■ Pay and Allowances for Operators + Pay and 
Allowances for Maintenance Personnel + Replacement Training + 
Repair Parts + Integrated Logistical Support + Depot Rebuild 

where 

Pay and Allowances for Operators = Number of Shifts x Number of 
Operators per Shift x Annual Pay and Allowances (source: Ref- 

erence 4); 

Pay and Allowances for Maintenance Personnel ■ Cost per Active 
Maintenance Manhour x Total Maintenance Manhour per Equipment 
(source: Reference 4); 

Replacement Training Cost ■ Annual Turnover Rate x Cost of 
Training x Number of Operators Required (source: Reference 4); 
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• Repair Part« Coat • i  i'ticent x Hardware Unit Coat (source: 
Reference 4)*; 

• Depot Rebuild Coat - 0.809 (Depot Overhaul Rate**) x (Hard- 

ware Unit Coat)0    (aource: Reference 4); 

• Integrated Logistical Support Coat - Inventory Maintenance + 
Holding Inventory + Transportation Charges to Overhaul; 

• Inventory Maintenance Coat - Amount from Table B-2 (source: 
Reference 4); 

• Inventory Holding Cost - 17 Percent*** x Initial Spares 
(source: Reference 4); 

• Transportation Charges to Overhaul - 5 Percent x Spare Parts 
Coat (source: Reference 4); 

«/« L Depot Overhaul 
• Vehicle Operation and Maintenance Coat - POL + —■—j^  

+ Maintenance Personnel + (Repair Parta Factor + Repleniahment 
Provisioning Factor) x Hardware Unit Cost + Second Destination 
Repair Parta Factor x Hardware Unit Cost (Table B-3, as taken 
from U.S. Army Tank-Automotive Command); 

• Generator Operation and Maintenance Coat - MPA + Overhaul + . 
Fuel, Lub, Oil + Parts (Table B-4, aa taken from Reference 4); 

0 Air Conditioner Operation and Maintenance Coat - Value from 
Table B-5 (in the abaence of specific information) (source: 
Reference 4); 

• Contractor Maintenance Support Cost - Number of Depots x Con- 
tractor Manyeara/Depot x Contractor Manyear Salary x 1/(Total 
Build) x 1/(Number of Years in Inventory); 

• Tranaportation Services Cost - (2.52 Tons/Person/Year) x (Coat/Ton) 
x (Number of 04M Repairmen/Equipment) (source: Reference 29); 

* Range of X used in paat atudlea haa been 5 to 20; apedflc value of X 
will be determined on the basis of the complexity of the equipment 

involved« 

** If specific depot overhaul rate is not available, use 0.22. 

*** The 17 percent shown is In accordance with the aource referenced, but a 
new figure of 33 percent has been provided by ECOM. This new figure 
will be used on approval from AMC. 
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TABLE B-2 
Inventory Maintenance Cost 

Unit Dollar Value* Total Line Item Cost** 
(Recurring) 

Super High (over $25,000} 
High ($10,000 to $24,999) 
Medium ($2,500 to $9,999) 
Low (under $2,500) 
Average Cost*** 

$720 
$420 
$130 
$110 
$160 

  

* Hardware line Item cost 
** Dollars, rounded 

*** Weighted supply requirement cost per line Item plus 
cataloging and provisioning costs. 
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TABLE B-4 
Generator O&M Cost 

Size (kW) 
(60 Hz) 

MPA ($) Overhaul ($) POL ($) Parts ($) 

1.5 90 375 130 215 

3 90 645 230 215 

5 90 695 360 210 

10 60 550 400 140 

15 75 435 A 60 165 

TABLE B-5 
Air Conditioner O&M Cost 

Unit Capacity Military, 60 Hz Military, 400 Hz 

- 

6,000 BTU $1,200 $1,400 

9,000 BTU $1,200 • $1,250 

18,000 BTU $1,500 $2,400 

36,000 BTU $1,250 $1,400 

60,000 BTU $2,800 $2,500 
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Indirect Operating Cost ■ (Cost/Man/Year) x (Number of O&M 
Repairmen/Equipment) (source: Reference 16) according to: 

Cost/Man/Year 

$780/man/year when stationed in CONUS 
$l,480/man/year when stationed overseas 
$l,000/man/year when location is indeterminate. 

Number of men is sum of O&M personnel required per 
year.  If direct O&M costs are calculated separately, 
this cost can be established and listed separately 
also. 

4 
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2.0 TIME-ALLOCATION COST MODEL 

In the time-allocation cost model, costs will be calculated for each 
fiacal year by aggregating the cost elements developed in determining life- 
cycle coat. The following is a list of time-allocation cost model outputs 

required for budgetary purposes: 

* Test and evaluation costs 
0 Training costs 
* Equipment procurement costs 
* Research and development costs 
0 Manpower costs 
* Operating costs 
* Logistical support costs. 

Each of these outputs is an aggregation of certain life-cycle cost 

elements, as shown in the following equations: 

H 
- E  (CDT. + CTS + DTSA + GT ) 
j-1    J     J 

N 
+ Z     (PATE + OTE. + ITSA.) 
j-1     J     J 

where 

■ ... .. , .;.■■■-,.- ..   -.  . -.... 

TE - total test and evaluation costs (in dollars) 

J - discrete type of equipment (j*l, 2, 3, 3, ... N) 

CDT - contractor development tests for equipment type j 

CTS. - contractor test support for equipment type j 

DTSA - development test site activation for equipment type J 

GT - Government tests for equipment type J 

PATE - production acceptance test and evaluation for equipment 
J  type j 

OTE - operational test and evaluation for equipment type J 

ITSA - production test site activation for equipment type j; 

N       M 
TR - E  IT. + E  RT,, 

J-l   3 k-1 
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where 

where 

where 

where 

where 

^ 

TR 

RT, 

PR 

■ total training costs 

- initial training costs for equipment type j 

- recurring training costs for organizational set k 

- set of Identical organization« (k-1, 2, 3, 3, ... M); 

N 
• E  (RI + ONR.) 
j-1   J     ' 

PR 

ni 
ONR 

- total equipment procurement costs 

- recurring investment costs for equipment type j 

j ■ nonrecurring Investment costs for equipment type j 
(excluding Initial training and test and evaluation): 

RD 
N 

• E 

J-1 

ORD, 

RD   - total research and development costs 

ORD  - research and development costs for equipment type j 
(excluding test and evaluation); 

MPWR 
M 
E PER 

k-1 

MPWR ■ total manpower costs 

PERj^    - personnel costs for organizational set k; 

OPC 

OPC 

LSC 

N M 
0j + Z 0k 

J-1 J  k-1 K 

- total operations cost (excluding personnel) 

- operating costs associated with equipment type j 

- operating costs for organizational set k; 

N 
■ Z LS 

J-1 
J + Z    LSk 1 k-1  k 

«rhere 
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LSC  - total logistical support costs (less personnel and 

replacement training) 

logistical support costs associated with equipment 

type J 
LS 

J 
LS   - logistical support costs associated with organizational 

k    set k. 

Each of the component elements on the right-hand side of the foregoing 
equation^ fill be estimated in a manner similar to ^at in ^ich the « 
estimated in life-cycle costing; CERs, cost factors, and bidder estimates 

"iU^U be used, ^he implementation and support P1^'^"'^" tMB 

m Tetailed than the candidate system descriptions of Task V  Wh** this 
nearer level of detail will produce more accurate estimates or is neces- 
sarTto IZLl  estimates for lower-level budget activities, a more detailed 

estimating procedure should be used. 

S 
y 

MHUttt^... uuMirifi^H   
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3.0  COST ELEMENT DEFINITIONS 

3.1 RESEARCH AND DEVELOPMENT COSTS 

Research and development costs refer to all costs associated with the 
research, development, test, and evaluation of the system/equipment.  Speci- 
fically, this covers concept initiation, validation, and full-scale develop- 
ment phases of the program, and includes costs for: 

0 Feasibility studies 

0 Engineering design, development, fabrication, assembly, and 
test of engineering prototype models 

0 Initial system evaluation 

9 Associated documentation. 

The costs incurred in this category terminate with the satisfactory 
completion of the Government's operational test and evaluation (OTE) 

program. 

3.1.1 Advanced Development 

3.1.1.1 Contractor Costs 

The cost of any concept initiation and validation work performed 

under contract is considered in this element. 

3.1.1.2 Government Costs 

The cost of any concept initiation and validation work performed 
by the Government is considered in this element. 

3.1.2 Engineering Development 

This element covers the costs ot full-scale development associated 
with the equipment.  It is in this portion of the R&D phase that a design 
concept, having been proven in theory, is engineered, fabricated, and 
tested.  It typically includes program management, engineering, fabrica- 

tion, testing, and associated documentation. 
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3.1.2.1 Contractor Costs 

n 

3.1.2.1.1 Program Management 

This element refers to the technical and administrative plan- 
ning, organizing, directing, coordinating, controlling, and approving actions 
designed to accomplish overall program objectives during the R&D phase of 
the equipment life cycle.  Examples of these activities are configuration 
management, cost/schedule management, data management, contract management, 
liaison, value engineering, quality assurance, and integrated logistical 

support management. 

3.1.2.1.2 Engineering 

This element includes costs incurred for the study, analysis, 
design, development, system integration, evaluation, and redesign of equip- 
ments.  It further includes direct labor, materials, test equipment, in- 
direct services, and other direct or indirect costs incurred during the 
engineering process. The development of computer software is included as 
well as the cost of computer time. 

3.1.2.1.3 Fabrication 

This element includes the cost of direct labor, materials, tool- 
ing, and overhead required to produce full-scale development models and 
equipment on a limited basis for testing and design verification purposes. 

3.1.2.1.4 Coniractor Development Tests (CDT) 

These tests are generally conducted on one or more prototype 
full-scale development models at the contractor's facility, to demonstrate 
that design specifications related to performance, control, maintenance, 
safety, maintainability, reliability, and human factors are satisfied. 
This element includes the cost of direct labor, materials, overhead, and 
other direct charges required to perform CDT. It also includes the pre- 
paration of test standards, plans, and procedures. 

3.1.2.1.5 Test Support 

This element includes the cost incurred in support of Government 
testing (DT/IOTE). It includes the cost of site activation, consulting 
services, training, spare parts, maintenance, testing, and transportation 
of equipment and contractor test personnel to the test site. 

3.1.2.1.6 Industrial Facilities 

This element includes the costs of structures or other real pro- 
perty required during full-scale development. It further includes the cost 
of ■odlfication, modernization, and alteration of these facilities. All 
direct labor, materials, overhead, and other direct charges are included. 
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3.1.2.1.7 Produclblllty Engineering and Planning (PEP) 

PEP consists of those planning and engineering tasks undertaken 
during the development phase to ensure the timely and economic produclblllty 
of a component/Item prior to release for production. PEP tasks consist of 
the following type activities: 

0 Development of technical data package 

0 Design of special-purpose production equipment and 
tooling 

0 Computer modeling/simulation 

0 Engineering drawings 

0 Engineering, manufacturing, and quality-support 
information 

0 Dimensional and tolerance data 

0 Manufacturing assembly sequences 

0 Wiring diagrams 

0 Material and finishing information 

0 Inspection, test, and evaluation requirements 

0 Calibration information and quality control data. 

All other documentation is contained in the next subsection. 

3.1.2.1.8 Documentation 

This element includes the cost of preparation, revision, and 
reproduction of drawings, specifications, parts lists, plans, procedures, 
draft technical manuals/orders, and other documentation produced in support 
of project management, engineering fabrication, and testing functions.  This 
cost element excludes computer software. 

3.1.2.1.9 General and Administrative Costs 

G&A includes the expenses of a contractor's general and execu- 
tive offices; staff services, such as legal, accounting, public relations, 
financial, and similar activities; and other miscellanrous needs related to 
the overall business. Included are directors' and executive committee mem- 
bers' fees, bonuses, and incentive awards; employee stock options; and em- 
ployee fringe benefits. 
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3.1.2.1.10 Fee 

Fee is that portion of the total contract price that is allowed 
a contractor over and above the cost to produce or perform. 

3.1.2.1.11 Other 

This element includes all costs incurred by the contractor 
during full-scale development that are not included in the above-listed 
elements. 

3.1.2.2    Government Costs 

3.1.2.2.1 Program Management/Support 

This element refers to technical and administrative planning, 
organizing, directing, coordinating, controlling, and approving actions 
designed to accomplish overall program objectives during the R&D phase of 
the equipment life cycle. Examples of these activities are configuration 
management, cost/schedule management, data management, contract, management, 
liaison, value engineering, quality assurance, and integrated logistical 

support management. 

3.1.2.2.2 Test Site Activation 

This element refers to the costs incurred to prepare a test 
site for Government testing.  It includes the cost of transportation of 
equipment and testing personnel to the test site. The cost of direct labor, 
materials, overhead, and other direct charges is also included. 

3.1.2.2.3 Government Tests (DTE/lOTE) 

The development test and evaluation (DTE) is designed to deter- 
mine and/or verify technical performance and safety characteristics of an 
Item, associated tools, and test equipment.  It includes determination of 
structural, mechanical, electrical, chemical, and other physical properties 
of the equipment. Initial operational test and evaluation (IOTE) is that 
portion of operational test and evaluation performed during the FSD phase 
prior to a production decision.  The objectives are to provide information 
at the production decision point as to the system/equipment military use, 
expected operational effectiveness, and operational suitability.  This cost 
element Includes the cost of direct labor, materials, overhead, and other 
direct charges incurred in the conduct of DTE/IOTE. It also includes any 
Government costs incurred in preparation of test requirements, plans, and 

procedures. 

3.1.2.2.4 Government-Furnished Equipment  (GFE) 

This is  the effective cost to the  Government of GFE supplied to 
the contractor during the full-scale development phase of the equipment 
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lif. cvcU      Equlp-ent loaned to » contractor and later returned to the 
ä'lrS^t'ln gooS condition ma, reauU In rero cost for thl. element. 

3.1.2.2,5      Other 

ThlB element includes the costs incurred by the Government daring 
full-scale development not covered in the above elements. 

3.2     INVESTMENT COSTS 

Initial investment costs are one-time outlays  (both recurring an«l «on- 

sSrS bu-r-SÄ ä fo^r-iTanr ric:nd 
Sfttul'-nt englnLrlng and »negement .upPort. md acceptmce teatlng. 

3.2.1 Nonrecurring Investment Costs 

3.2.1.1 Inventory Introduction 

Thi« element includes those costs associated with the introduction 

^nt of Inventory and replacement rates, and development of rebuild, requi- 

■itlon, and procurement directives. 

3.2.1.2 Initial Provisioning (Spares and Repair Parts) 

Thi. element includes components, assemblies, and parts to be pro- 
cured a. initial stock for maintenance replacement purposes, which may be 
l^ti"abJe line items in the procurement contract that provides an ini- 

titl supply of repair parts to fill the planned pipeline. 

3.2.1.3 First Destination Transportation 

Thi. element includes the cost for transportation J«^!^, 
oarts and components from the point of procurement, production, or test 
initi *• fiSt destination under contract fro« final assembly or test 

plant. Cost of packing is included. 

3.2.1.4 Initial TooHnfi/Test Equipment 

Tooling includes the planning, engineering, design,  fabrication. 
..•«bly    and Installation of tools  (including modification and rework of 

Sötf for Production purposes), assembly of tools, dies, templates, pat- 
£™    for« blocksr«lufacturing jigs,   fixtures, master forms    gauges 
OSSI l llStZnV  load bars, work platforms   (including installation of 
ÄSSÄS; ^tirt^quipme'nt (such as checkers and analyzers)   to 
support the manufacture of specified equipment. 
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It also includes maintaining tool records,  establishing make-or-buy 
plans and manufacturing plans on nonrecurring tools and equipment, scheduling 
and controlling all tool orders,  and programming and preparing ttpes 
for numerically-controlled machine parts.    Nonrecurring tooling includes 
the Initial set of tools and duplicate tools necessary to reach rate 
production. 

3.2.1.5 Instructor Training 

Nonrecurring training involves only the training of service instruc- 
tor personnel for a specific system, and is usually conducted by the con- 
tractor.  It includes the cost of all devices, supplies, and services re- 
quired in the performance of such training. 

3.2.1.6 Initial Production Facilities 

This element provides for system management production engineering 
prior to quantity procurement, to facilitate the manufacture of the pro- 
cured item. It includes the establishment and operation of pilot produc- 
tion lines; the development of production data packages, engineering draw- 
ings, bills of materials, other production data, and factory layouts; the 
analysis of existing specifications and standards; and the proposal and 
institution of other studies or measures that will represent significant 
production advances and cost reductions. It also includes the engineering 
effort required to study the availability and suitability of commercial 
items for military use prior to quantity procurement. It does not include 
engineering conducted for development of tools and test equipment. 

3.2.2 Recurring Investment Costs 

This category contains cost elements that result from the size of 
the production buy or repeat order for the production of a communications 
system or its components. 

3.2.2.1 Total Hardware 

Total hardware costs include all the equipment built and required 
to operate the communications sysm. Included in this element are all the 
individual costs of equipments, vehicles, power sources, peripheral equip- 
ment, and crypto devices that are integral to the communications system. 
Escslation factors have been applied to the cost numbers to adjust the 
prices In terms of current dollars. All contractor investment costs for 
startup, tooling, test equipment, engineering/management, etc., have been 
included and amortized over the production quantity. 

3.2.2.2 Initial Training 

This element includes the training conducted by contractors, train- 
ing centers, service schools, and mobile training teams for the initial crews 
and direct maintenance personnel required to introduce a system into the 
inventory. 
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3.2.2.3 Site Activation 

This element will Include all  real estate acquisition, site pre- 
paration,   fabrication of facilities,  and Installatlun of equipment required 
for the operation of the specified system.     In Includes administration, 
Inspection, and supervision of construction and Installation for all 
operational equipment,  facilities,  utilities,  and ground Improvements. 

3.2.2.4 Transportation 

These costs are associated with the shipment of each equipment 
and repair part of the initial provisioning supply from a major supply 
area. 

3.3 OPERATION AND MAINTENANCE COSTS 

Operation and maintenance costs are the costs of personnel, materiel 
facilities, and other direct and Indirect costs required to operate, 
maintain, and support the equipment/system during the operational phase. 
It includes the cost of all parts consumed in maintaining the equipment, 
as well as the costs of maintaining the necessary supply systems for 
parts, components, equipment, and information. 

3.3.1 Equipment Operation and Maintenance Costs 

This element contains the cost of operating and maintaining the 
basic equipment after deployment.  Included are the cost of crews, repair 
parts, logistical support, power consumption, and overhaul. Operation 
and support costs associated with ancillary and support equipment are 
not included in this element. 

3.3.1.1 Pay and Allowances for Operators 

This element Includes pay and allowances for the operating crew 
members.  The crew consists of those assigned as a primary duty to the 
direct operation of the communications system. 

3.3.1.2 Pay and Allowances for Maintenance Personnel 

This element includes the costs associated with direct maintenance 
labor at the organizational, direct support, general support, and depot 
levels of maintenance. Direct labor maintenance personnel are those mili- 
tary and civilian personnel engaged In the active repair and preventive 
maintenance function. Maintenance Includes inspection, adjustment, tuning, 
alignment, cleaning, tool and equipment preparation, fault location, repair 
parts replacement, rebuild and overhual, modifications, recallbratlon, and 
final testing.  Cost includes allowances and replacement training. 
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3.3.1.3 Replacement Training 

This element Includes those r.fWtl of  training an individual to 
qualify as a crew member or maintenance person to replace, as needed, 
personnel previously trained for these positions. 

3.3.1.A Repair Parts 

This element covers the cost of procuring new repairable parts 
that have been lost to the supply system, and nonrepairable parts and spec- 
ial tools consumed at organizational and DS/GS levels of maintenance during 
the repair of the equipment/system. 

3.3.1.5 Integrated Logistical Support 

This element includes costs required to maintain the inventory 
management of all major and minor items of supply for a communications sys- 
tem.  It includes the commodity command organization elements concerned with 
the development and analysis of requirements and supply status data; pre- 
paration of materiel planning and supply control studies; and determina- 
tion of the necessity for and the initiation of directive or authorizing 
action for cataloging, procurement, rebuild, distribution, or disposal. 
Costs of line-item receipt, storage, and issue at all levels are Included 
In this element.  In those cases where more than one system benefits from 
common use of line-item management, costs should be prorated among the sup- 

ported systems. 

Integrated logistical support cost will be estimated as the sum for 
inventory maintenance, holding inventory, and transportation charges.  In- 
ventory maintenance Includes all recurring costs for identification and 
description documentation; maintenance and supply cataloging; development 
of inventory and replacement costs; development of rebuild requisition; and 
procurement directives.  Holding inventory is the cost of holding Inventory 
in the supply system for one y«ar, which involves the measurement of re- 
sources expended in storage, inventor/ .uljustment. Interest, and obsoles- 
cence.  Transportation charges are those costs associated with the shipment 
of each line Item from a major supply area. 

3.3.1.6 Depot Overhaul 

This element covers the in-house costs associated with equipment 
overhaul estimated as an annual cost for each fielded equipment.  This in- 
cludes labor and materials cost, and also a cost for transporting equipment 
to the depot and returning it to operational status. 

3.3.2 Vehicle Operation and Maintenance Costs 

This element contains the cost of operating and maintaining support 
vehicles required as an integral part of the communications equipment. 
Included is POL consumption, repair parts, replenishment provisioning, 
depot overhaul, and maintenance personnel costs.  The driver or operator 
Is considered to be part of the basic operator costs. 

- 
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3. 3.3 Generator Operation and Maintenance Costs 

This element contains the operation and maintenance costs for engine 
generators and other equipments used to provide pover for the tactical com- 
munications system.  Costs Included are overhaul, POL, repair parts, maint- 
enance manpower, and MPA.  Operator personnel costs are included in the 
crew cost of the basic equipment. 

3.3.A Air Conditioner Operation and Maintenance Costs 

This element contains the operation and maintenance costs for air 
conditioners common to tactical communications applications.  Costs include 
repair parts and maintenance labor only.  The operating manpower costs are 
included in the basic equipment crew costs, and the electric power con- 
sumed is included in the generator operating cost. 

3.3.5 Contractor Maintenance Support  Costs 

This element includes the annual cost of contractor-performed maint- 
enance to support a communications system in the field for one year. 

3.3.6 Transportation Services  Costs 

This element includes the transportation of support tonnage required 

per individual per year. 

3.3.7 Equipmant Wearout 

This element includes the replacement of equipments for the life 
expectancy of the unit.  Equipment that must be replaced due to wearout 
beyond repair, enemy action, abandonment, pilferage, and other causes is 

included in this element of cost. 

3.3.8 Indirect Operating Costs 

This element is the prorated share of the cost of medical care, 
service-wide supply and logistics, higher-command headquarters operation 
not otherwise accounted for,  transportation,  and other miscellaneous sup- 
port costs. 
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APPENDIX D 
NETWORK SIMULATION AND ANALYSIS MODELS 

1.0  INTRODUCTION 

The «ajor purpose of a network model is to aid In quantitative evalu- 
.tion of network alternatives.  It accomplishes this objective by providing 
the analyst with a quantitative measure of the system s behavior. 

The following models will be used in the INTACS evaluation: 

0  CASE 
0  SIMCE 
• Interference Prediction Model (IPM), 

n PRBCSDIIO PAOt BUMC-NOT FILMED 
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2.0 CASE 

The Communications Analysis, Simulation, and Evaluation (CASE) model 
is a modular package of 41 programs.  CASE simulates a communications 
system by synthesizing input data and employing an event-by-event 
simulation process. More specifically, CASE consists of three principal 

parts: 

• The preprocessor, which organizes and formats the input data; 

" The simulator, which processes messages through the sized sys- 

tem and records the response of the system; 

* The postprocessor, which summarizes the data recorded by the 
simulator and provides certain statistical output. 

CASE allocates channels among three nodes (telephone, teletype, and 
data), but simulates only TP and TTY.  Separate simulation runs are required 
for TP and TTY; competition between the two modes is not considered.  Sole 
user circuits are allocated for data, but transmission of data is not simu- 

lated by CASE. 

COMSR input to CASE identifies field units, their locations, and their 
traffic requirements.  TP and TTY traffic requirements indicate the unit- 
to-unit message rates that are used to determine the frequency of message 

generation for the call-by-call simulation. 

At the beginning of the simulation run, the network is empty.  The 
estimated transient time is ten minutes of simulation; then stability exists 
S^UtS! output is pertinent. Manual inputs include nodal connectivity, 
nodal location, and channel requirements (the latter two are provided by 

SIMCE).  Other manual inputs are as follows: 

o 

e 

e 

e 

e 

Nodal equipment characteristics 
Communications personnel handling times 

Switchboard parameters 
Patching thresholds 
Node identification (area or command). 

CASE addresses patching, and does not allow patching through command nodes, 

PRSCS FRSCSDINO PAGE BLANK-NOT FUMED 
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Traffic routing Is determined by the transshipment algorithm (a multl- 
conmodlty/minimum-cost algorithm), unless least-cost routing Is specified. 
Rerouting Is done by the least-cost algorithm, which requires manual Input 
Indicating the cost of message flow over each link. 

2.1 APPLICABILITY TO SYSTEM EFFECTIVENESS EVALUATION 

CASE provides two Important measures of system effectiveness: grade of 
service (COS) and speed of service (SOS). COS Is computed for TP traffic 
by counting the number of blocked calls during the call-by-call simulation. 

2.1.1 Computation of COS 

For TP traffic, COS Is calculated as the probability that a message 
is not blocked. Blockage occurs In any of the following Instances: 

• An operator or plug Is not available at one of the nodes 
along the route; 

• A link channel Is not available; 

• A loop channel Is not available between the node of des- 
tination and the unit of destination; 

• The telephone Is busy at the unit of destination. 

CASE permits rerouting In the event of blockage at a node. In this Instance, 
blockage occurs (for system COS) only If all reroutes fall. COS Is computed 
for the system, Individual nodes, links, and unlt-to-unlt. 

TTY messages are not blocked, but remain In queue until a connection 
is successfully established for transmission. Therefore, upon termination 
of the simulation phase of the model, a number of TTY messages may still re- 
main in queue. System COS is actually the message completion rate, calculated 
by dividing the total number of messages completed by the total number of 
messages generated. The message completion rate is also provided for nodes 
and units that originate TTY traffic. 

2.1.2 Computation of SOS 

CASE measures TP delay time by considering the following contributing 

factors: 

• Queueing time at nodes (dependent upon operator and plug 
availability); 

• Time required by an operator to make a switchboard connection. 

Precedence levels and preemption for TP messages are not handled by CASE. 
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CASE measures TTY delay time by considering the following factors: 

0 Queueing time at nodes (dependent upon conmunications center 

personnel availability); 

0  Communications personnel handling time (message center clerk, 

transmitting and receiving operators); 

* Message tape perforation time; 

0 Transmission time. 

Precedence levels and preemption for TTY messages are handled by 
CASE.  CASE determines the priority of a message in the following manner: 

0 The percentage of messages of each precedence level are in- 
put to CASE (for example, it may be determined that 10 per- 
cent of all TTY messages generated by the system are flash, 

15 percent immediate, etc.); 

* When a message is generated, for any needline, during the 
simulation, a precedence level is randomly assigned, based 
on the input percentages for tue entire system. 

2.1.3 Fading Model 

CASE includes several programs whose purpose is to simulate atmos- 
pheric fading.  Inputs to the atmospheric fading model include transmission 
mode, equipment operational parameters, frequency, and distance between 
terminal«. The model generates a signal-to-noise ratio by time interval 
throughout the simulation run.  For voice messages, this S/N ratio is compared 
to a go/no-go threshold, indicating whether or not the circuit is adequate. 
For messages transmitted as pulses or bits, the S/N ratio yields a bit error 
rate that indicates whether or not the transmission is considered a failuie. 

2.2 SUMMARY 

Despite its attention to a large number of system characteristics, CASE 
has several features that are unrealistic and limit its applicability to 
the effectiveness methodology. For example, the need for security in trans- 
mitting messages is not addressed in CASE; no means of identifying equipment 
capable of transmitting securely exists. No special queue exists for secure 
messages awaiting the availability of a secure transmission capability. 

D-7 

tmmt ■ - -■■■■■■ 
 -— aiaiifH 



r 

In •ddltion, CASE does not consider the following: 

• Data transmission simulation 
• Precedence levels for TP 
• Preenption for TP 
• Terrain. 

The CASE model simulates Army tactical communications <^«*U"£2* 
channels to TP. TTY, and data. The main values o CASE to the INTACS team 
are its measurement of COS, SOS, and atmospheric fading. 
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3.0 SIMCE 

Simulation - Communications-Electronics (SIMCE) Is a computer simula- 
tion model constructed to aid In the design and evaluation of communications 
systems.  It accomplishes this task by synthesizing the traffic demands 
Imposed on the system, by sizing the communications links, and by provi- 
ding a measure of system effectiveness. 

SIMCE begins by converting user communication requirements to erlang 
traffic flow between typical units; the model then assigns specific units 
to nodes. Connectivity between specific units is, in part, determined by 
the command/support relationship between the units. SIMCE then computes 
nodal needline traffic volume. This information is combined with the rout- 
ing scheme to determine the volume of traffic over each link of the network. 

3.1 APPLICATION TO SYSTEM EFFECTIVENESS EVALUATION 

Within certain limitations (which will be noted later), the current 
version of SIMCE seems to have three primary uses to the INTACS concept 
evaluation program: 

Given unit locations and needllnes and approximate area nodal 
locations, SIMCE can connect units to nodes and provide recom- 
mended nodal locations for the area system. 

0 Given traffic requirements and desired GOS for area and com- 
mand systems, SIMCE will provide channel requirements for 
each link. 

0 Given traffic requirements and link capacities, SIMCE will 
provide link GOS. 

The COMSR data base Includes approximately 4170 specific units and 580 typi- 
cal units.  SIMCE can handle 3200 specific units and 420 typical units. 
This apparent difficulty poses no problem, since SIMCE must be run separate- 
ly for area/command systems and for Theater Army/Corps and below. 

3.1.1 Nodal Relocation 

The COMSR-provided specific unit deck gives the location of each 
specific unit with interunit traffic requirements.  This location is expres- 
sed In terms of X-Y coordinates (in six digits), and is the actual location 
of the unit with respect to an arbitrarily established set of axes. 
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Ta»k V personnel will provide,  as  input to SIMCE,  the approximate 
location of eacS node  in the area nodal network.     SIMCE assigns each speci- 
fi    uiit  to  the nearest node.     Based on unit  traffic  ^«-'KLSl 
tmce  from node,   the model  can relocate  the nodes  through an iterative 
J"ce.. of mini^zing total unit-to-node erlang kilometers.    The process 
cease, when  the average nodal movement  is below 0.001 kilometer. 

This nodal-relocation feature has Just recently been added tr the 
Bodel.  and has not been  used in any previous study.     It «MIMWt Uta ter- 
7.7* into consideration.     It is to be used for relocating nodes in an area 
^tworronly: »S"oir;ot consider any interrelationships with the command 

nodal network. 

3.1.2    Channel Requirementfl/GOS 

The COMSR data base indicates message requirement by communications 
»ode (voice,   teletype, data.   fax. video), precedence  (r°uti*e

f! P^"1^. 
immediate,  flash,  flash override,  realtime), security classification  (un- 
ZZSnU,  FOUO    confidential,  secret,  top secret),  frequency  (number of 
«ssages Mt 24 hours and peak hour percentage), and message ^«^ JIMCE 
currently considers voice,  teletype, and data messages,  and categorizes 
the» as urgent (flash and above) or routine, and as secure or nonsecure. 
£££ "e^uencies are calculated for the 8 busiest ^ •'*• «%J* 
are categorized as constant  (24 to 96 messages),  frequent  (8 to 23). daily 
(1 to 7)! or infrequent   (<1).    SIMCE assigns a particular value for each 
of these categories  (constant 60.  frequent 16.  daily J» ^^S* «^^ 
however,   the model is being modified to accept any value f01. e!CcTMrF Jm' 
Message length is constant throughout any run o    the «Jg»^' *J"«^11 

accept any value for TP holding time and any value for TTY holding time. 

If a requirement  is both urgent and constant,  a sole user circuit is 
assigned; otherwise,  the traffic will compete on a common user circuit.    The 
model then considers ten circuit types: 

0    TP,  sole user,  secure 
0    TP, sole user, nonsecure 

TP, common user, secure 
TP,  common user, nonsecure 
TTY, sole user 
TTY,  common user 
Data,  sole user, secure 
Data, sole user, nonsecure 
Data,  common user,  secure 
Data, common user, nonsecure. 

All TTY circuits are considered to be secure. 

The Internodal  traffic routing scheme must be provided manually. 
SIMCE require, that all traffic between a pair of nodes »"«follow the 
same path (1.... nc routing mixe, or alternate routing).    Typically,  the 
"rtlnj-chem. ^ght .pedfy that traffic mu.t be routed through the mlni- 
«u« number of node.,  «id when more than one minimum path exi.t..  traffic 
nu.t be routed on the mo.t direct path away from FEBA. 
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Given unit and nodal locations, traffic requirements, and a routing 

scheme, SIMCE can: 

• Accept channel requirements as input and provide GOS as 

output; 

0 Accept design GOS as input and provide channel requirements 

per link as output. 

SIMCE calculates GOS for TTY, TP, and data. The number of messages 
of each «ode Is first converted to an erlang traffic loading. The traffic 
and the Unk capacities are then input to a mathematical formula to deter- 

nine GOS. 

With link capacities as input, SIMCE calculates GOS by any of three 
mathematical formulas. Use of a particular formula depends upon the assump- 
aon concerning what happens to a caii should it be blocked. The Erlang B 
foraula will be used in INTACS; this formula assumes that calls are dropped 

when blockage occurs. 

When design GOS is input, channel retlul^,nen"K
a" ca^^f edTi

n
either 

similar manner. No simulation is actually performed by %~f ^ J^ers 
event, four separate runs are required for each concept.  SIMCE considers 
the command network separately from the area network, and considers the 
Theater Army separately fro« Corps and below.  This latter factor introduces 
an additional burden of providing dummy access points to represent the 
sources/sinks for traffic that crosses the boundary of TA/Corps. 

SIMCE does not considei:: 

0 Equipment characteristics 
0 Switching 
0 Preemption 
0 Alternate routing 
0 Alternate modes 
0 Routing mixes 
" Operational environment 
0 Terrain. 

3.2 SUMMARY 

Despite the fact that SIMCE fails to incorporate some significant fea- 
tures of tactical communications systems, it will be an important tool in 
sizing communication, systems and in analyzing system effectiveness.  SIMCE 
will provide the INTACS team with refined nodal locations, link GOS, and 

channel requirements for each link in the network. 
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4.0  INTERFERENCE PREDICTION MODEL 

Electromagnetic compatibility analysla of an INTACS concept requires the 
use of the Confrol Data Corporation 6500 computer at Fort Huachuca Ar zona. 
to perform the many repetitive calculations required during the analysis 
and "process the large volume of data needed for the analysis  Use of a 
computer in performing such analyses requires the programming of a mathe- 

^tical moSe?! The interference prediction model (IPM) i8/eri/edo ""^ 
Muation for propagation path loss, which is the decrease in strength of a 
radio signal as it is transmitted from its point of origin in a transmitter 
to its donation at the intended receiver.  Because this equation is 
equally applicable to undesired signals (whether from friendly transmit ers 
oHneL iLmers). it can be used to represent or model the typical radio 
interference situltion. This basic model, however, cannot operate alone 
in the performance of analyses.  A program to allow the use of the »odel on 
the computer must include other programs to arrange the input data and trans 
late the outcome from machine language to numbers or words that can be under- 
stood and evaluated by the analyst.  The IPM programs are designed and ar- 
Uneed W help the analyst predict how well INTACS materiel and concepts 
wU? pe fo^thelr intended'function when immersed in their intended opera- 

tional environment. The computer programs that comprise fV"*^***1 

rateS into three major sections. These sections, together with the input 
and output data, are shown, in block diagram form, in Figure D-l. 

Despite the speed and accuracy provided by a computer, i" 0P*"tion 
and output can only be as good as input data furnished  Block 1 in the 
diaaram covers two types of Input data. One type consists of files of 
reference data that describe equipment characteristics (such as transmitter 
p^r output antenna spectrum signature data, general -tenna data  ypes 
powBt uu K , modified only when measurement data indicate 

the"': f rUv iL  Oth" da" are defined by the problem to be analyzed. 

Fitst amon/these are the deployment data, which are derived ^om a test 
Wand consist of a list of equipments, transmitters, and receivers to- 
ge^r with their locations, all 'defined by a specified tactical «tnation 
oth« data which are defined neither by the equipment portrayed ••***■ 
te« bed Include propagation and terrain statistics (which contribute to 
thioutc^ of patS loss calculations) and data which control the size of 

samples to be taken. 

Block 2 (the first section of the IPM proper) carries out all P«li- 
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test bed data, Including the technical characteristics and geographical 
locations of all deployed CE equipments.  These are sorted by frequency, 
geographical area, type of equipment, and organization, and by other groups 
specified by the experinental design.  Information provided in the scenario 
or included In publishen doctrine Is used to assign duty cycles and impor- 
tance weights.  Based m the accuracy or statistical confidence desired in 
the final determinations of system effectiveness or equipment performance, 
camples of large groups are selected. 

Block 3 contains the Interference identification programs, which cal- 
culate estimates of the levels and types of signals and interference at the 
RF input terminals of each receiver included in the previously selected 
sample.  It is here that the fundamental model (the propagation path loss 
equation) is used.  The equations used are designed to include antenna gain, 
output power, types of terrain, frequency, time of day, season, and year. 
Culling routines are used to prevent lengthy calculations for transmitters 
that can be determined to have signals at or below the receiver threshold. 
The variability of signal strength (i.e.. its variance) is determined for 
each effective signal. 

Block 4 represents programs designed to calculate several different 
types of performance scores.  The scores calculated first are probability 
of satisfactory operation (P(SO)) for each of the sampled CE links (trans- 
mitter-receiver paths). These scores are based on the RF levels of de- 
sired and undesired signals at the input of each receiver, compared to 
performance thresholds (scoring data) defined for each possible receiver- 
transmitter-interferer combination. P(SO) scores are provided for the 
clear-channel situation (the communlcabllity score), for the same channel 
with interferers considered (the compatibility score), and for each inter- 
ferer (the conditional compatiblity score).  If the interferer is a jammer 
and the receiver scored is its intended target, the compatibility score is 
a vulnerability score. These scores can be combined in weighted averages 
to determine the performance of whole classes of CE equipment into what- 
ever grouping is desired for analysis purposes. 

Block 5 shows the IPM output.  This output can take several forms, 
depending on the type and detail of the analysis desired.  If it is desired 
to investigate in detail all the factors involved in a small problem, a 
complete printout of all calculations made in the IPM can be provided. For 
large-scale deployments, however, the factors to be analyzed are selected 
beforehand (based on ehe objectives to be met), and the computer sorts the 
outcomes of various scoring actions, making weighted averages and consoli- 
dating the output so that the overall picture is visible to the analyst. 
Various statistics can be prepared to show the influence of factors such 
as path length, the presence of own forces, and effect of opposing forces' 
CE, or the success of enemy jamming. 
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4.1  BACKGROUND 

The U.S. Amy Electronic Proving Ground (USAEPG) has been tasked to 
plan an electromagnetic compatibility and vulnerability (EMC/EMV) analysts 
of baseline and other candidate rommunications-electronics concepts for 
Phase II (mid range time frame) of INTACS.  Tasking was designated through 
the U.S. Army Materiel Command (AMC) and the U.S. Army Test and Evaluation 
Command (TEOOM) under AR 11-13.  Concurrently, the U.S. Army Communications- 
Electronics Computer Applications Agency, later absorbed as a part of the 
U.S. Army Management Systems Support Agency (USAMSSA), was tasked to deve- 
lop test beds for EMC analysis of the baseline and candidate concepts. 

It.2    TEST BEDS 

The test beds are computer simulations of the CE environment created 
by an Army in the Field force model opposing appropriate enemy forces in 
Europe in the 1976 to 1986 time period. The force model is designed on 
the CONAF organizational concept, as modified by the Echelons Above Divi- 
sion (EAD) reorganization. The baseline test bed simulates the technical 
and geographic relationship among all electromagnetic emitting and receiving 
devices required to support friendly and enemy forces at the time described 
by an appropriate scenario. Such a test bed creates an operational en- 
vironment rfhich simulates the potential EMC/EMV conditions that could occur 

in a future combat environment. 

The test bed is constructed and presented on a series of computer- 
derived magnetic tapes, listings, and other documentation.  The technical 
characteristics; geographic coordinates; net, equipment, and operator 
names; and other appropriate computer processing numbers, codes, and iden- 
tifiers are written into the principal tape — the Deployment Data File. 
Individual emitter and receiver records are assembled on this tape in a 
predetermined sequence of friendly and enemy nets and equipment for ease 

in processing. 

CE equipments are deployed in accordance with the organizational, 
doctrinal, and equipment concept for the baseline INTACS concept.  Deployed 
CE equipmnts are given specific assignments of frequency, power output, 
antenna design, and netting structure. The same deployment of fritndly 
and enemy forces is used for the preparation of the candidate CE concept 
simulations. Equipments, nets, or systems are added, deleted, or changed 
from the baseline test bed, in accordance with changes required by the 

candidate concepts. 

4.3 FACTORS 

Six factors are applied to refine the force model for use by the com- 
puter models.  These factors are described as follows: 
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are assigned to any new equipment and antenna types, and appropriate data 
are added to an equipment scoring matrix.  Appropriate net, equipment, or 
other analysis category codes are assigned, based on the analysis plan. 
The codes facilitate presentation of the output of system effectiveness 
(SE) scores in the proper array for ease of evaluation and comparison. 

The confidence level and the accuracy desired within the limits of 
analysis time constraints are also assigned at this time, to control the 
number of links to be sampled. 

H.A.2 Link Formation and Selection 

Within the design of the analysis, various elements of the environ- 
ment can be selected for processing. This selection can be made by a 
major organization, division, or corps, or by an entire Army in the Field. 
Selection can also be made by frequency band (for example, only SHF tropo- 
scatter multichannel systems), various combinations of friendly and enemy 
CE and electronic warfare (EW) systems, or other categories of foreground 
and background environment. 

All CE nets of interest in the test bed are reviewed in the process 
of link formation, and all links not eliminated by minimum or maximum cull 
distances and by a zero link weight are formed.  The net weight, the pos- 
ture factor, and the link weight of each link formed are multiplied by the 
computer.  A link value for each link with respect to all other links 
formed is assigned.  This value indicates both the relative importance of 
the link and also the probability that that link will be active in the en- 
vironment at the time being simulated. 

The links formed simulate the electromagnetic environment created 
by the tactical situation Involved.  This is a function of the relative 
importance of the net (net weight) to the mission of the force, as quali- 
fied by the relative combat activity in the unit being supported (posture 
factor) and the probability of a link being in use and carrying important 
traffic (link weight). 

A.4.3 Link Sampling 

Sufficient links are sampled (from among those formed) to obtain a 
final score that is within the confidence level and accuracy requirement 
desired.  Links are assembled within various subgroups or cells.  Typical 
cells are defined by such classifications as net, net type, or equipment 
class.  The total nunber of links sampled is the aggregate of those re- 
quired within all cells.  Sampling within any cell is weighted by the link 
„values.  The link sample favors the most Important links in the most impor- 
tant nets with the highest degree of combat activity.  Thus, the links 
(transmitter and receiver) with the highest probability of being active 
are sampled most heavily, and the most realistic electromagnetic environ- 
ment is created. 

—'■■ ■—■—- 
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4 4.4 Tnterferer Identification 

E.ch friend!, an. ^rT^t^^ll  Ä«^"" 
tl.l taUttem. The duty "c%°'^,net

t
ra^mut.r8 according to link 

op««.. U divided -"J^J-^J^SSS JSLS.1«. 1. .«ablLhed. 

babllity scoring. 

4.4.5 Probability Scoring 

A  f^rat- in the absence of interference. The probabi- 
Links are scored fir8t i*™* ^""h ability of successful infor- 

lity of successful operation f <S0)) • " P^^rator  Signals are modeled 
„ation transfer, is measured ^"/P^^^^^Snglei-Ricfirregular ter- 
from the output of the transmitter £"^^3^/^ antenna models, 
rain propagation model ^^^•jS.SS. of desired signals are 
to the receiver input. The resultant u obtain the P(SO) scores, 
combined with e^irically-derived scoring da a to btai^th^ <J ^ 

These P(SO) scores are a direct «"ec^°" °   JA  propagation conditions 
equipment characteristics, frequency. di9t^"! *"a P P 

Emulated will result in successful communications. 

Tbe degradation of this link ^^^ 
by a calculation of degradat on ^"«f.^.^^^^onsideration of un- 

by intentional interference "«^ ^^^wt both friendly *** 
Sir^lÄii'S r^r^SSrS^ 5 U. categories of 
interest. 

rthTth:lp«-ce nnTSe ab.en/e of backsro^d interference. 

4.4.6 System Effectiveness 

c  J^o-,«^o cv  links and the measured dearadation 
The P(SO) score of *i^~**tSflw dT^ used to obtain an indl- 

of those links by an individual *""f ""^the environment. Performance 
cation of CE performance or ^J^/Vorganlzation. or an entire CE 
within a net. a net type, an e<u*P^' ™r°^f ^ P SO) of the sampled 
system can be obtained from a ^.f f^^f^„age is called the system 
links in a desired category.  S^n * "fof a^arge „umber of links from a 
effectiveness (SE) score. ***™£fl^tX^Zt  classification) 
test bed (i.e.. the entire test bed or a broad q P iarge 

is less useful than the ^«""fture of equipment, frequency use. CE 
numbers of the links contain • f x^u"r^n^ions. and functions.  This 
requirements, tactical dispositions. **^™^ vnt** in a particular 
„ixtur. tends to obscure ^ performance o  he CE system n  P^ ^ 

SlSr:ri.r^Ä Sr^U^rÄU. battalion command 
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nets in particular areas of the environment. SE by net reveals the EMC/EMV 
problems that can develop in discrete nets, and is most useful in the evalu- 
ation of competing CE systems. 

SE scores are obtained for each net type in the INTACS baseline and 
candidate concepts. The scores are assembled by major organization (echelon) 
for ease in evaluation and comparison.  SE scores are also obtained for 
each net (in a net type) that obtains a poor communicabllity or compatibi- 
lity score, or that is vulnerable to Jamming, intercept, or direction-finding. 
The P(SO) scores for the links within those nets that have poor performance 
or that are vulnerable assist in determining the cause of poor performance, 
the source of interference, and the cause of EW vulnerability. SE scores 
for multichannel systems are obtained by echelon, by net type, and by equip- 
ment type. The equipment type category is used to facilitate comparison 
between line-of-slght (LOS), troposeatter, down-the-hill radio relay, and 
satellite communications systems. 

A.5 SUPPLEMENTARY ANALYSIS 

The EMETF uses other analysis techniques in addition to P(SO) and SE 
scoring of selected nets and net types. A frequency and distance separa- 
tion analysis can be performed on selected cosited, high-frequency. LOS, 
and troposeatter multichannel systems in the test bed. Consideration is 
given to potential harmonic and image frequency problems, as well as trans- 
mit/receive separation criteria. An assessment of the advantages and dis- 
advantagea of radio frequency requirements of competing concepts is made. 
A system performance analysis of adaptive systems, such as MARTS, is also 
performed. 
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APPENDIX  E 
SAMPLE COMMUNICATIONS  SYSTEM EVALUATION 

in the following examples, two let ou gJ^^^t^jJ. 
and Y) are evaluated to ^^ ^T^ with only enough detail to 
methodology. The -f^18^^"^^^^^" possible, the repetition 

re^r ^nfivf-l^Ä - the sa.e o. 
clarity,   cost and risk are not considered. 

1.0    ALLOCATION OF UTILITY 

Th. criteria use. for urlUt, ^l""'1™-«Il'uUmylfToSruUU. 
U rhe effectiveness •«*• »«^Jj JJ^ ITutcateJIU the sreas. 
vss selected for convenience.    Thl» ""'"'.„,,.,„ were .„bdivlded Into 
as presented In ^1«E-l-,N"^nS'"ch aspect w" broken dovm Into 
aspect utilities (Table E-2).    n'fV-'a'n ^ZcMiat Is presented In 
T^Tar?ull nE;3t)inttnre^^^ra!lration use/in Task V. but 
««ely a vehicle to p^ide a quantitative example. 

2.0    EVALUATION OF THE SYSTEMS 

Once the allocation r'T^^^J-AAAl^t'Sll't.*^^' 
ated to determine what portion of the «^l*1* "'"^2^ ^stem, and is 
The system under consideration is co-pared to  ^e baaeUne sy *£ 

assigned a utility ^J«Jf^.f^^S.^SlI to «eet baseline 
which has a utility of zer-    ^^^^ U paraineter and baseline values 
requirements have a negative ^""^J*1" ,       paraineter values that corres- 
for the examples are presented in Ta"e^;4;^"^le.    AH parameters 
oond with maximum utility are shown in the same table,    an P 
^ere reduced to a two-digit number,   for convenience. 

The evaluation process is illustrated in »ä^^f^^JS 
the grade of "-ice evaluation in Figure «^^^^^ i8 

relationship is nonlinear so the "^J*1^ e89entially nonlinear; 

based on ^Jf^'^^^^3    „^Telationship may be Judged a f** 

5S.T^ r/^t^hrisVv^i; JSfSÜrJ; «in be used when 

E-3 PACK BUJK-NOT FILMED 
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TABLE E-l 
Allocsclon of Utility to Areas 

Area Utility 

Quality of Service 260 

Mobility 100 

Transportability 110 

Vulnerability 90 

Survlvablllty 40 

Flexibility 60 

Reliability 70 

Logistical Support 50 

Security 90 

Operability 20 

Standardization 10 

Maintainability 40 

RF Spectrum Requirements 30 

Electromagnetic Compatibility 30 

1000 utlles 

E-4 

  ,      .. _^..       ■ lae^aai» ^nwaaaii  ■■ --■ ■ -■- —'- ■■-- ■■'■ ■■-■ -^■■*-'-;>—•"'•^M *j^*m 



_^— "—"- 

TABLE E-2 
Allocation of Utility to Aspects 

Areas and Aspects 

1.  Quality of Service 

1.1 Grade of service 
1.2 Speed of service 
1.3 Information quality 

Utility 

110 
80 
70 

2. Mobility 

2.1 Setup/teardown time 
2.2 Communication during moves 

3. Transportability 

3.1 Equipment size and weight 
3.2 Vehicle requirements 
3.3 Portability 

4. Vulnerability 

4.1 Physical destruction 
4.2 Susceptibility to direction-finding 

5. Survivability 

5.1 Impact of node destruction 

5.2 Impact of jamming 

6. Flexibility 

6.1 Function in varying operational 

environments 
6.2 Changes in force structure 

6.3 Change of mission 
6.4 Varying ratios of traffic 
6.5 Impact of added subscribers 

6.6 System modularity 
6.7 Downtime for CP displacement 
6.8 Operation in varying deployments 

6.9 Hardware modularity 

7.  Reliability 

7.1 System availability 

40 
60 

70 
20 
20 

30 
60 

15 
25 

15 

6 
5 
2 
2 
5 

10 
12 
3 

70 
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TABLE  E-2 
(continued) 

Areas and Aspects Utility 

8. Logistical Support 

8.1 Required parts support 
8.2 Power requirements 

9. Security 

9.1 Provision for increased secure 
conmunlcations 

9.2 Limitations due to increased security 
9.3 Ratio of secure-to-nonsecure users 
9.4 Interface security requirements 
9.5 Restoration afttr compromise 
9.6 Degree of security 
9.7 Interceptibility 

10. Operability 

10.1 Difficulty of system operation 
10.2 Service  features 

11. Standardization 

11.1 Multiplicity of CE equipment 

12. Maintainability 

12.1 Provision of preventive maintenance 
12.2 Provision of corrective maintenance 
12.3 Provision of software update 

13. RF Spectrum Requirements 

13.1 RF bandwidth requirements 
13.2 Flexibility of frequency allocation 

14. Electromagnetic Compatibility 

14.1 INTACS compatibility 
14.2 INTACS/other system compatibility 

20 
30 

3 
10 
3 

15 
30 
25 

10 
10 

10 

15 
20 
5 

10 
20 

15 
15 

1000 utiles 
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TABLE E-3 
Allocation of Utility to MOEs 

1.1.1 Grade of service 
1.2.1 Speed of service 
1.3.1 System communicability score 

2.1.1 Physical setup/teardown time 
2.2.1 Percent GOS reduction during a move 
2.2.2 Information intelligibility 

3.1.1 Volume of system 
3.1.2 Weight of system 
3.2.1 Percent transport vehicles organic 

3.3.1 Portability* 

A.1.1 FEBA centroid function 
4.1.2 Susceptibility to destruction* 
4.2.1 EMC/EMV direction-finding 

5.1.1 Number of nodes destroyed to reduce 
GOS to specified level 

5.1.2 Subscriber loss - node destruction 

5.1.3 Alternate capabilities* 
5.2.1 EMC/EMV jamming vulnerability 

6.1.1 Operational environment* 
6.2.1 Force structure* 
6.3.1 Change in mission 
6.4.1 Variation of data/voice traffic ratio 

6.4.2 Data transmission* 
6.5.1 Addition of subscribers* 
6.6.1 System modularity* 
6.7.1 Downtime for CP displacement 
6.8.1 Various deployments* 
6.9.1 Hardware modularity* 

7.1.1 Percent system availability 

8.1.1 NORS rate 
8.1.2 Volume of parts inventory 

8.1.3 Ease of support* 
8.2.1 Total power 

110 
80 
70 

40 
45 
15 

30 
40 
20 
20 

15 
15 
60 

6 
3 

25 

15 
6 
5 
1 
1 
2 
5 

10 
12 
3 

70 

10 
5 
5 

30 

* Qualitative MOE 
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TABLE E-3 
(continued) 

MOE                            1 Utility 

9.1.1 Ability to Increase security* 4 
9.2.1 Limitations of increase* 3 
9.3.1 Ratio of secure-to-nonsecure* 10 
9.4.1 Interface security requirements* 3 
9.5.1 Compromise restoral* 15 
9.6.1 Number subscribers end-to-end secure 15 
9.6.2 Number subscribers link secure 10 
9.6.3 Percent subscribers not end-to-end 

that can be upgraded 
5 

9.7.1 EMC/EMV intercept 25 

10.1.1 Number of directory listings 3 
10.1.2 Number of directory users 1 
10.1.3 Number of personnel 1 
10.1.4 Complexity of system* 5 
10.2.1 Service features* 10 

11.1.1 Number of equipment categories 10 

12.1.1 Manhours preventive maintenance 8 
12.1.2 Percent maintenance hours v/o equipment 2 
12.1.3 Volume of preventive maintenance parts 2 
12.1.4 Ease of preventive maintenance* 3 
12.2.1 Manhours of corrective maintenance 5 
12.2.2 Percent maintenance hours w/o equipment 2 
12.2.3 Volume of corrective maintenance parts 2 
12.2.4 NORM rate 8 
12.2.5 Ease of corrective maintenance* 3 
12.3.1 Manhours/language - continual 1 
12.3.2 Manhours/language - special 1 
12.3.3 Ease of software maintenance* 3 

13.1.1 EMC/EMV spectrum requirements 10 
13.2.1 RF spectrum flexibility* 20 

14.1.1 EMC/EMV INTACS compatibility 15 
14.2.1 EMC/EMV INTACS/other system compatibilif cy 15 

1000 utiles 

1 * Qualitative MOE 
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TABLE K-4 
Parameter Values and Evaluation 

MllF, 

Maximum 
Utility 

l.l.l Grade of service 
1.2.1 Speed of service 
1.3.1  System coimunlcablllty score 

2.1.1 Physical setup/teardown time 
2.2.1 Percent COS reduction during 

a move 
2.2.2 Infonnatlon Intelligibility* 

3.1.1 Volume of system 
3.1.2 Weight of system 
3.2.1    Percent transport vehicles 

organic 
3.3.1    PortabllUy* 

4.1.1 FEBA centrold function 
4.1.2 Susceptibility to destruction* 
4.2.1    EMC/EMV direction-finding 

5.1.1 Number of nodes destroyed to 
reduce GOS to specified  level 

5.1.2 Subscriber loss due to nodal 
destruction 

5.1.3 Alternate capabilities* 
5.2.1    EMC/EMV  lamming vulnerability 

6.1.1    Operational environment* 
6.2.1    Force atructiire 
6.3.1    Change in mission 
6.4.1 Variation of data/voice 

traffic ratio 
6.4.2 Data transmission* 
6.5.1    Addition of subscribers* 
6.6.1    System modularity* 
6.7.1    Downtime for CP displacement 
6.8.1    Various deployments* 
6.9.1    Hardware mo'     .rity* 

7.1.1    Percent cv .tem availability 

8.1.1 NORS rate. 
8.1.2 .   lurae of parts inventory 
8.1.3 Ease it support* 
8.2.1 Total power 

9.1.1 
9.2.1 
9.3.1 
9.4. 1 
9.5.1 

Ability to Increase security* 4 
Limitations of Increase* 3 
Ratio of secure-to-nonsecure* 10 
Interface security requirements* 3 
Compromise restor«!* 15 

110 
80 
70 

40 
45 

15 

30 
40 
20 

20 

15 
15 
60 

6 

6 

3 
25 

15 
6 
5 
1 

1 
2 
5 

10 
12 

3 

70 

10 
5 
5 

30 

* Qualitative MOE 

llaxiimim 
UtUUy 

Parameter 
Value 

1.00 
1.00 

95 

1 
15 

15 

50 
20 
70 

20 

110 
15 
90 

5 

2 

3 
90 

15 
6 
5 

20 

1 
2 
5 
3 

12 
3 

100 

.02 
35 

5 
12 

4 
3 

10 
3 

15 

Parameter 
Value 

Baseline 

.97 .95 

.98 .73 
86  62 

12 
26 

69 
13 
72 

3 
64 

8 
3 
4 
8 

7 
31 

8  12 

11  18 

72 
6 

69 

13 

2 
66 

10 
3 
2 

!2 

0 
0 
4 
4 
9 
2 

99  96 

.68 

.42 
51 

14 
70 

78 63 91 
27 24 40 
29 41 20 

50 
0 
38 

1 

20 

0 
62 

0 
0 
0 
37 

0 
| 
ü 
6 
3 
n 

85 

12 .13 .19 
47 41 52 
2 2 0 

23 22 19 

3 1 0 
2 0 0 
8 6 0 
2 3 0 

13 7 0 

Utility 
Value 

95 
77 
64 

9 
42 

84 
41 
26 

34 
38 

8  12 

21 25 
26 32 
11 16 

11  18 

9 10 
13 6 
54 43 

5 0 

4 2 

3 2 
4 8 

8 10 
3 3 
4 1 

1 1 

0 0 
1 0 
2 4 
0 8 
5 9 
1 2 

68  52 

4 4 
2 4 
2 2 

)* -10 

j 1 
2 0 
8 6 
2 J 

13 7 
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Utlles 

110 - 

95 

84 

GOS 

1.00 

0.97 System X 

0.95 System Y 

0.68 Baseline 

FIGURE E-2  Grade of Service Evaluation 

Utlles 

40 - 

32 

26 

20 

GOS 

20 

24 System Y 

11    System X 

30 

0 ~L- 40 Baseline 

FIGURE E-3  System Weight Evaluation 
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practical.  The «valuation rusults ar» presented in Table E-4, under 
"utility value".  Next, each of these values is summed into the appro- 
priate aspect (Table K-5), and the aspects are combined into areas 

(Table E-6). 

The quantitative and qualitative MOEs may be added separately if 
desired, as shown in Tables E-7 and E-8, respectively. 

To discover how one system differs from another (even if total 
utilities are the same), the evaluation process must be examined care- 
fully.  Each area and aspect that suggests significant distinction be- 
tween the systems will be investigated.  In the example under considera- 
tion, the most prominent area Is quality of service, with a difference 
of 85 utiles between the systems.  The primary sources of this are speed 
of service and information quality.  Although it is not possible in this 
example, the Task V analysis will address an additicnal level of detail 
by discussing the actual system characteristics that contribute to those 
differences.  This will aid the decision-maker in understanding the fun- 
damental differences between the systems and how these differences are 

reflected in the analysis. 

3.0 SENSITIVITY TO PARAMETER VARIATION 

In this part of the analysis, each system parameter is varied a 
specified amount to determine the sensitivity of the FOM to this varia- 
tion.  Three parameter values of System X were reduced 5 percent to 
demonstrate the procedure.  The first variation was for grade of service. 
A change from 97 to 92 decreased the utility by 24 utiles.  Increasing 
the system weight by 5 percent reduced the utility by only 2 utiles, while 
a 5 percent variation in "reduction of COS due to different ratios of data- 
to-voice traffic" produced no change in utility. The remainder of this 
analysis U presented in Table E-9. An obvious conclusion is that System 
X is quite sensitive to variations In grade of service, and care should 
be taken to ensure the validity of this number. 

4.0 SENSITIVITY TO UTILITY ALLOCATION 

Due to the use of human judgement, a lack of precision is inherent 
in the utility allocation.  To gain some Insight into the effect of these 
errors, a utility allocation sensitivity analysis is performed. A small 
variation (10 percent) is introduced in the utility allocation, and the 
resulting change in system utility is noted.  To present the worst case 
for this example, utility allocations were reduced by 10 percent for each 
MOE in which the preferred System X scored higher than System Y.  If Y 
was higher than X, the allocation was Increased for the respective MOE. 
Even with this variation. System X was still preferred, 615.2 utiles to 
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TABLE B-5 
A«pect Utility Evaluation 

1 
Areas and Aspects 

Utility Value 

1. f^iity of Service 

1.1 Grade of service 
1.2 Speed of service 
1.3 Information quality 

2. Hoblllty 

2.1 fetup/teardown time 
2.2 Conmunlcatlon during moves 

3. Transportability 

3.1 Equipment site and weight 
3.2 Vehicle reqi'lrements 
3.3 Portability 

A.    Vulnerability 

4.1 Physical destruction 
4.2 Susceptibility to direction-finding 

5. Survivabillty 

5.1 Iwpact of nodal destruction 
5.2 Impact of Jaimning 

6. Plffxibility 

6.1 Function in varying operational environments 
6.2 Changes in force structure 
6.3 Change of mission 
6.4 Varying ratios of traffic 
6.5 Impact of additional subscribers 
6.6 System modularity 
6.7 Downtime for CP displacement 
6.8 Operation in varying deployments 
6.9 Hardware modularity 

7. Reliability 

7.1 System availability 

95 84 
77 41 
64 26 

99 34 
50 50 

47 57 
11 16 
11 18 

22 16 
54 43 

12 4 
4 8 

8 10 
3 3 
4 2 
1 1 
1 0 
2 4 
0 8 
5 9 
1 2 

68 52 
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TABLE E-5 
(continued) 

Areas anc Aspects 

Utility Value      | 

X 
' 

8. Loeisrical Support 

8.1 Required parts support 
8.2 Power requirements 

8 
-15 

10 
-10 

9. Security 

9.1 Provision for increased secure 
communications 

9.2 Limitations due to increased security 
9.3 Ratio of secure-to-nonsecure users 
9.4 Interface security requirements 
9.5 Restoration after compromise 
9.6 Degree of security 
9.7 Interceptibillty 

3 

2 
8 
2 

13 
20 
18 

1 

0 
6 
3 
7 

15 
11 

10. Operability 

10.1 Difficulty of system operation 
10.2 Service features 

-1 
9 

3 
3 

11. Standardization i 

11.1 Multiplicity of CE equiprent , -2 -1 

12. Maintainability 

12.1 Provision of preventive maintenance' *•• 
12.2 Provision of corrective maintenance 
12.3 Provision of software update 

u   ,   3 
10 
0 

5 
12 
0 

• 

13. RF Spectrum Requirements 

13.1 RF bandwidth requirements 
13.2 Flexibility of frequency allocation 

1 
14 

2 
6 

14. Electromagnetic Compatibility 

14.1 INTACS compatibility 
14.2 INTACS/other system compatibility 

8 
8 

5 
8 

utiles 658 574 
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TABLE E-6 
Total Utility Awarded Each Area 

Area 

Utility Value     | 

X Y 

Quality of service 236 151 

Mobility 59 84 

Transportability 69 91 

Vulnerability 76 59 

Survivabillty 16 12 

Flexibility 25 39 

Reliability 68 52 

Logistical support -7 0 

Security 66 43 

Operability 8 6 

Standardization -2 -1 

Maintainability 13 17 

RF spectrum requirements 15 8 

Electromagnetic compatibility 16 13 

658 57A utiles 
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TABLK E-7 
MOE Utility (Quantitative) Awarded Each Area 

Utility Value 

Area X Y 

Quality of service 

Mobility 

236 

51 

151 

72 

Transportability 58 73 

Vulnerability 

Survivability 

63 

13 

53 

10 

Flexibility 

Reliability 

Logistical support 

Security 

1 

68 

-9 

38 

9 

52 

-2 

26 

Operability -3 .01 

Standardization -2 01 

Maintainability 9 12 

RF spectrum requirements 1 2 

Electromagnetic compatibility 16 13 

540 469 utiles 
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TABLE £-8 
MOE Utility (Qualitative) Awarded Each Area 

Area 

Utility Value 

X Y 

Quality of service mm MM 

Mobility 8 12 

Transportability 11 18 

Vulnerability 13 6 

Survlvability 3 2 

Flexibility 24 30 

Reliability — — 

Logistical support 2 2 

Security 28 17 

Operability 11 7 

Standardization — -- 

Maintainability A 5 

RF spectrum requirements 14 6 

Electromagnetic compatibility — — 

118 105 utiles 
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TABLE E-9 
Sytttm X Parameter Sensitivity Analysis 

HOE 

1.1.I Grade of service 
1.2.1 Speed of service 
1.3.1 System communlcablllty score 

2.1.1 Phyalcal setup/teardown tl«e 
2.2.1 Percent COS reduction 

during a move 
2.2.2 Information Intelligibility* 

3.1.1 Volume of system 
3.1.2 Weight of system 
3.2.1 Percent transport vehiclea 

organic 
3.?.l Portability* 

4.1.1 FEBA centrold function 
4.1.2 Suaceptlbillty to destruction* 
4.2.1    EHC/EMV direction-finding 

Number of nodes destroyed to 
reduce COS to epecifled level 
Subscriber loss due to nodel 
destruction 
Alternate capabilities* 
EMC/EMV Jamming vulnerability 

Operational environment* 
Force atructure* 
Change In mission* 
Variation of dat«/volce 
traffic ratio 
Data transmission* 
Addition of subscribers* 
System modularity* 
Downtime for CP displacement 
Various deployments* 
Hardware modularity* 

7.1.1    Percent system availability 

8.1.1 NORS rate 
8.1.2 Volume of parts inventory 
8.1.3 Ease of support* 
8.2.1 Total power 

9.1.1 Ability to increase cecurity* 
9.2.1 Limitations of increase* 
9.3.1 Ratio of secure-to-nonsecure* 

* Qualitative MOE 

1.1 

1.2 

1.3 
2.1 

1.1 
2.1 
3.1 
4.1 

4.2 
S.l 

.6.1 

.7.1 

.8.1 

.9.1 

Para- 
meter 
Value 

.97 

.98 
86 

12 
26 

78 
27 
29 

11 

69 
13 
72 

3 
64 

8 
3 
4 
8 

0 
1 
2 
6 
3 
1 

99 

.12 
47 
2 

23 

3 
2 
8 

Para- 
meter 
Vari- 
ation 

(+) 

New 
Parameter 

Value 

.05 

.05 
4.3 

.6 
1.3 

.4 

1.4 
1.6 

.6 

3.5 
.7 
3.6 

.2 

.4 

.1 
3.2 

.4 

.1 

.2 

.4 

0 
.1 
.1 
.3 
.3 
.1 

.01 
2.4 
.1 
1.2 

.2 

.1 

.4 

1.00 
1.00 
90.3 

12.6 
27.3 

8.4 

82 
28.4 
30.6 

72.5 
13.7 
75.6 

4.2 

7.4 

3.1 
67.2 

8.4 
3.1 
4.2 
8.4 

.1 
1.1 
2.1 
6.3 
5.3 
1.1 

100 

.13 
49.4 
2.1 
24.2 

3.2 
2.1 
8.4 

.92 

.93 
81.7 

11.4 
24.7 

7.6 

74 
25.6 
27.4 

New 
Utility Value 

11.6  10.4 

65.5 
12.3 
68.4 

3.8 

6.6 

2.9 
60.8 

7.6 
2.9 
3.8 
7.6 

0 
.9 
1.9 
5.7 
4.7 
.9 

94 

.11 
44.6 
1.9 
21.8 

2.8 
1.9 
7.6 

110 
80 
67 

8 
40 

8.4 

19 
?4 
12 

10 
13.7 
57 

5.1 

3.8 

3.1 
10 

8.4 
3.1 
4.2 
1 

.1 
1.1 
2.1 
0 
5.3 
1.1 

70 

4 
1 
2.1 
-17 

3.2 
2.1 
8.4 

71 
69 
56 

11 
43 

7.6 

22 
29 
10 

Range of 
Utility 

Variation 

11.6  10.4 

8 
12.3 
44 

4.5 

4.2 

2.9 
3 

7.6 
2.9 
3.8 
1 

0 
.9 
1.9 
9 
4.7 
.9 

57 

4 
3 
1.9 
-10 

2.8 
1.9 
7.6 

39 
11 
11 

3 
3 

.8 

3 
5 
2 

1.2 

2 
1.4 
13 

.2 
7 

.8 

.2 

.4 
0 

.1 

.2 

.2 
9 
.6 
.2 

13 

0 
2 

.4 

.2 

.8 
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TAB1E  K-9 
(com limed) 

MUI 

9.4. I      Inlrrf.l'-e   «i*i url tv 
roiuirements* 

9.5.1    Comprumlse  restoral* 
9.6.1    Number  BI  Hiibscrlbera end-to- 

end nerure 
9,6.^    Nunier tif  subscribers link 

aecurn   (not end-to-end) 
9.b.3    Percent  subBcribers not end- 

to-end  that can be upgraded 
9.7.1     KMC/K.MV  Intercept 

10.1.1 Number of directory  lletlnjB 
10.1.2 Number of directory iwers 
10.1.3 Number   if personnel 
10.1.* CompU-xlty at syHlem* 
10.2.1 Setvlcf   feitluieH* 

11. I. I     Numbi-i   ol   i't|iiipmei\l   «Mlfijorli-: 

Parü- 
rm-1 e i- 
Valur 

12.1.1 
12.1.3 

12.1.3 

12.1.A 
12.2.1 
12.2.2 

12.2.3 

(tanhours preventive naintenance 
Percent maintenance hours 
wltnout equipment 
Volun« of preventive 
maintenance part» 
Er.se of preventive maintenance* 
Manhours corrective maintenance 
Percent maintenance hours 
without equipment 
Volume of corrective 
maintenance parts 
NORM rate 
Ease of corrective mulntenanre* 
Manhours/language - continual 
Manhours/language - special 
Ease of software maintenance* 

EMC/EMV spectrum requirements 
RF spectrum flexibility* 

14.1.1 EMC/EMV INTACS compatibility 
14.2.1 EMC/EMV INTACS/other system 

compatibility 

12. 2. 
12 2 
12 ■\ 

12 3 
12 3 

13 I 
13 2 

n 
37 

83 

100 

13 

43 
37 
19 
2 
9 

65 

22 
70 

14 

1 
8 

60 

12 

.27 
2 

5) 
21 

1 

26 
14 

92 
92 

• (Jualltativt MOE 

Para- 
meter 
V.irl- 
■t Ion 
(+) 

New 
Parameter 

Value 

.7 
1.9 

4.2 

5 

.7 

2.4 
1.9 
I 
. I 
.5 

). I 

1.1 
1.5 

.7 

.1 

.4 
3 

.6 

.014 

.1 
2.1. 

1.1 
.1 

1.3 
.7 

.5 

.5 

2.1 

13.7 
38.9 

87.;' 

100 

13.7 

1.9 

17.3 
35.1 

78.8 

95 

12.3 

97 
97 

New 
Utility Value 

nH. I  <>l. ' 

2.1 

13.7 
9 

7.5 

5 

16.5 

87 
87 

1.9 

12. 1 
7 

6 

4.8 

19 

50.4 45.6 -3.1 -2.9 
38.9 35.1 -1 -1 
20 18 1 1 
2.1 1.9 2.1 1.9 

9.5 8.5 9.5 8.5 

-2.5  -1 

23.1 
73.5 

20.9 
66.5 

0 
1 

.8 
1 

14.7 13.3 1 1 

l.l 
8.4 
bi 

.9 
7.6 
57 

1.1 
1 

0 

.9 
1.6 
.1 

12.6 11.4 0 .5 

.284 
2.1 
55.6 
22.1 
l.l 

.256 
1.9 
50.4 
19.9 
.9 

6.5 
2.1 
-1 
0 
1.1 

8 
1.9 
-1 
0 
.9 

27.) 
14.7 

24.7 
13.3 

.5 
14.7 

3 
13.3 

12 
12 

Range ul 
Utility 
Variation 

1.4 
'1 

1.5 

.2 

2.5 

.2 
0 
0 
.2 
1 

1.5 

.8 
0 

.9 

.1 

1.5 
( 2 

0 
0 

2.5 
1.4 

8 
8 
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559.0 utlles.     If desired,   this  can be separated   Into qualitative and 
quantitative  parts,   as shown below. 

SVRIHIII   X System Y 

Quantitative 
Qualitative 

Total 

500.2 
115.0 

615.2 

449.9 
108.1 

558.0 

The information can also be generated  for every area,  aspect,  and 
MOE. 

The next step is to ascertain the percentage eiror required to make 
the two systems rank exactly equal.  The necessary variation was calcu- 
lated to be 31 percent.  This illocation is presented in Table E-10 for 
earh MOE, and is summed into the respective areas in Table E-ll.  If the 
analysis were based only on quantitative MOEs, the percentage change 
would be 34 percent.  The exclusive use of qualitative MOEs would require 
a 21 percent variation to create equal ranking. The process could be 
repeated to establish the percent error at area or aspect levels for 

equal ranking. 

E-21 
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TABLE E-10 
Alternate Allocation of Utility to MOEs 

i        H0E 
Utility 

1.1.1 Grade of service 83.1 
1.2.1 Speed of service 60.3 
1.3.1 Syetem communicability score 52.8 

2.1.1 Physical setup/teardown time 57.3 
2.2.1 Percent GOS reduction during a move 33.9 
2.2.2 Information intelligibility 21.5 

3.1.1 Volume of system 43.0 
3.1.2 Weight of system 57.3 
3.2.1 Percent transport vehicles organic 28.6 
3.3.1 Portability 28.6 

4.1.1 FEBA centroid function 21.5 
4.1.2 Susceptibility to destruction 11.4 
4.2.1 EMC/EMV direction-finding 45.2 

5.1.1 Number of nodes destroyed to reduce GOS 
to specified level 

4.5 

5.1.2 Subscriber loss due to nodal destruction 4.5 
5.1.3 Alternate capabilities 2.3 
5.2.1 EMC/EMV jamming vulnerability 35.8 

6.1.1 Operational environment 21.5 
6.2.1 Force structure 6.6 
6.3.1 Change in mission 3.7 
6.4.1 Variation of data/voice traffic ratio 1.1 
6.4.2 Data transmission 1.1 
6.5.1 Addition of subscribers 1.5 
6.6.1 System modularity 7.2 
6.7.1 Downtime for CP displacement 14.3 
6.8.1 Various deployments 17.2 
6.9.1 Hardware modularity 4.3 

7.1.1 Percent system availability 52.8 

8.1.1 NORS rate 10.9 
8.1.2 Volume of parts inventory 7.2 
8.1.3 Ease of support 5.5 
8.2.1 Total power 43.0 

E-22 
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TABU-.   1-10 
(cmt imird) 

MOE 

9.1.1 Ability  to increase security 
9.2.1 Limitations of  increase 
9.3.1 Ratio of secure-to-nonsecure 
9.4.1 Interface security requirements 
9.5.1 Compromise restoral 
9.6.1 Number of subscribers end-to-end secure 
9.6.2 Number of subscribers  link secure 
9.6.3 Percent  subscribers not end-to-end 

that can be upgraded 
9.7.1 EMC/EMV int-rcept 

10.1.1 Number of directory listings 
10.1.2 Number of directory users 
10.1.3 Number of personnel 
10.1.4 Complexity of system 
10.2.1 Service features 

11.1.1 Number of equipment categories 

12.1.1 Manhours preventive maintenance 
12.1.2 Percent maintenance hours without equipment 
12.1.3 Volume of preventive maintenance pnrts 
12.1.4 Ease of preventive maintenance 
12.2.1 Manhours corrective maintenance 
12.2.2 Percent maintenance hours without equipment 
12.2.3 Volume of corrective maintenance parts 

12.2.4 NORM rate 
12.2.5 Ease of corrective maintenance 
12.3.1 Manhours/language - continual 
12.3.2 Manhours/language - special 
12.3.3 Ease of software maintenance 

13.1.1 EMC/EMV spectrum requirements 

13.2.1 RF spectrum flexibility 

14.1.1 EMC/EMV INTACS compatibility 
14.2.1 EMC/EMV INTACS/other system compatibility 

Utility 

3.1 
22.3 
7.5 
4.3 
11.4 
11.4 
7.5 
3.7 

18.8 

4.3 
1.1 
1.1 
7.2 
7.5 

14.3 

11.5 
2.2 
2.2 
4.3 
7.2 
2.8 
2.8 
6.0 
3.3 
1.1 
1.1 
3.3 

14.3 
15.1 

11.4 
16.4 

lOOn.O utiles 
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TABLE E-1I 
Alternate Utility Allocation by Area 

Area Utility 

Quality of service 196.2 

Mobility 112.7 

Tranaporcability 157.5 

Vulnerability 78.1 

Survivabllity A7.1 

Flexibility 78.5 

Reliability 52.8 

Logistical support 66.6 

Security 70.0 

Operability 21.2 

Standardization 1A.3 

Maintainability 47.8 

RF spectrum requirements 29.4 

Electromagnetic compatibility 27.8 

1000.0 uf.iles 
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APPENDIX F 
COST/EFFECTIVENESS MODEL SENSITIVITY ANALYSIS 
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APPENDIX F 
COST/EFFECTIVENESS MODEL SENSITIVITY ANALYSIS 

1.0 REQUIREMENT FOR SENSITIVITY ANALYSIS 

The effectiveness methodology for the INTACS evaluation contains 63 
measures of effectiveness.  Early in the evaluation, it must be determined 
that the model is a good model, and one way to make this determination is 
to conduct a sensitivity rnalysis jf the impact on the system evaluation 
of changes in certain parameters.  This will provide an indication that 
the model works if specific changes in input (variation in parameters that 
contribute to the value of MOEs) result in reasonable changes to output 
(system effectiveness as evaluated by these 63 MOEs). 

This type of sensitivity analysis can, in fact, be conducted prior to 
beginning the actual evaluation of the candidate systems.  Such an analysis 
will be relatively accurate if the evaluation can Identify the contributing 
factors to each of the MOEs.  (It is recognized that some factors contri- 
bute to more than one »WE.) After allocation of utiles to all 63 MOEs, 
the utile significance of a contributing factor can be determined.  The 
factors can then be rank-ordered by utile significance, and this ranking 
will indicate the paramtters to which the model is most sensitive.  These 
results will provide an early Indication of whether or not the model is a 

good model. 

The remainder of this appendix will illustrate the results of such a 
sensitivity analysis< first, by developing the procedure for conducting 
the analysiti; then by giving the results of the analysis; and finally, by 

providing the conclusions of the study team. 

2.0 PROCEDURE 

Certain MOEs are contributing factors to other MOEs. Figure F-l 
illustrates the hypothetical relationship of four MOEs to two other MOEs. 
These same relationships are also illustrated in Table F-l, where contri- 
buting factors are indicated in the row for each MOE (i.e., Cl and C2 
Influence Ml; C2, C3, and C4 influence M2).  Summing cross marks down the 
columns yields the total number of MOEs influenced by each contributing 

factor. 

PAGE BLANK.N0T FISSD 
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FIGURE P-l 
Relationship of Contributing Factors  to MOE 

TABLE F-l 
Identification of Contributing Factors 

for Each HOE in Figure F-l 

Contributing 
Factors 
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»-<KI» Bltmificance of each contributing 
Figure F-2 ^-'iSLSLTf^ ^E? sUlarly. Table F-2 de- factor to ^e overall evaluation of each ^ ^ ^^ fractlons 

picts this relationship in the row 10 h   in each case, some 
'.cross any row will ■£ * "^^^gS. . Util evaluation of the 
combination of these ^fö*£gZZ  MOEs that might have the pre- 
MOE. Figure F-3 and Table F J specny 
viously-described relationship. 

othsr MOEs: 

• Sise 
• Weight 
• Hardware modularity. 

m  relative significance of these contributing factors to the total 

•valuation of portability might be: 

• Size, 30 percent 
0 Weight, 40 percent 
• Hardware modularity, 30 percent. 

.Ku «.„ »*. tzzzxsr*in "oduUrlt, "18ht rMUU ln a 
30 percent improvement in portability. 

tor can be calculated. 
^ th. «MU in »PP."«. E. the utUlty .lotion for th..e ..- 

pendent MOEs is: 

e 

a 

Volume of parts inventory (5 utiles) 
Portability (20 utiles). 

Table M indicates the ^^«^SL^iSTS1^ 
factors for these MOEs. »•*•*•• ^e^iüty allocation. Table F-5 
plying the relative -^^"^elLto« ^e sensitivity analysis 
indicates the ra*k-°rde^* "Lf"* „MOEs of the INTACS Study, using 
will develop . similar table for the 
the utility allocation in Appendix E. 
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FIGURE F-2 
ftftlAClvc Significance of Concributing Factors to Each HOE 

MOE 

TABLE F-2 
Relative Significance of Contributing Factors to Each MOE 

Contributing 
^N. Factors 

MOEs  ^v 

H 0 
/ t / 

Ml 0.2 0.8 

M2 0.3 0.4 0.3 

..-. ... .-   ''-—■'-%{ xn^MtmtikWiA   iiK i    n ^^^^^^^^Ui.....^-.-l..--...^-..-.n-^J.-..^-,.Jl.. .■^..■.-^.—.^-^o—■ i liiis-MrtriH! ii rn mi 



FIGURE F-3 
Specific Example of Figure F-2 

Contributing Factors 

Standardisation 

SiSCi 

Weight 

Hardware Modularity 

MOE 

Volume of Parts Inventory D 

TABLE F-3 
Specific Example of Table F-2 

Contributing 
Factors 

MOE 

Volume of 
Inventory 

Portability 
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TABLE F-4 
Utlle Significance of Contributing Factors 

Contributing 
Factors 

HOE 

* 

1 7 
// 

// 

//      Total 
1                   Utiles 

Voluoe of 
Inventory 1 

r 
4 5 

Portability 6 8 6 20 

Total 1 10 8 6 25 

TABLE F-5 
Rank-Ordering of Contributing Factors 

by Unile Significance 

Contributing Factors Utlle Significance Rank 

Standardization 1 4 

Size 10 1 

Weight 8 2 

Modularity 6 3 
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3.0 RESULTS OF SENSITIVITY ANALYSIS 

The contributing factors for each of the 63 MOEs were Identified, and 
their relative significance was indicated in a manner similar to previously 
described sxamples. Table F-6 indicates the relative significance of all 
contributing factors for the MOEs.  (These contributing factors are actu- 
ally 26 of the 63 MOEs.) Table F-7 indicates the utlle significance of 
these contributing factors. Table F-8 Indicates the system sensitivity 
to improvement of the contributing MOEs» which are listed in order of rank- 
ing from greatest to least system significance. 

Grade of service was found to be more than twice as significant as 
any other MOE.  Speed of service and the susceptibility of transmitters 
to direction-finding are considered to be relatively equal In significance. 
Equipment weight is considered to be more significant than equipment size. 

As can be observed from the ranking, no correlation was made (nor was 
any intended) between utility significance and the number of MOEs influ- 
enced.  Equipment size Influenced the greatest number of MOEs (13), and 
yet this factor ranked eighth in system significance.  Speed of service 
influenced only one MOE, and yet it ranked third In system significance. 
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3.i    IMPACT OF HIGH VARIATION OF PARAMETERS 

Tables F-6, F-7, and F-8 illustrate the significance of 26 contributing 
MOEs to the effectiveness evaluation. These tables are based upon the ex-  ( 

pected contribution of «ach MOE under what could be ►.ermed normal conditions , 
where the values for the MOEs (parameters) do not undergo extreme variation. 

In a further analysis, the relative significance of contributing MOEs 
was estimated for conditions of high parameter variation.  That is, the 
values for each of these measures differ significantly among the alterna- 
tive concepts.  The results of this additional consideration are indicated 
in Tables F-9 (relative significance) and F-10 (utile significance). A 
comparison of the differing results of normal and high parameter variation 
is indicated in Table F-ll.  As can be seen from this table, high parameter 
change somewhat modifies the relative significance of certain contributing 
MOEs.  For example, hardware modularity is reduced in significance by 
greater than 50 percent. Three MOEs that become more significant under 
conditions of high parameter change are the ability to provide increased 
security, distance from FEBA, and alternate capabilities. 

The study team found that the results of this sensitivity analysis 
indicated the model was properly sensitive to parameter variation. Using 
the procedure developed above, th^s sensitivity analysis can be checked 

during the course of the evaluation. 
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TABLE F-ll 
Utlle Significance 

MOE 

Parametei * Change Rank       | 

Normal High Normal High 

Grade of service 164.05 161.1 1 1 

Direction-finding 82 90 2 2 

Speed of service 80 80 3 5 
Availability 71.6 /7.4 4 U 

Comraun1cab111ty 70 70 5 5 

/eight 61.9 61 6 6 

RF spectrum 61.45 57.4 7 7 

Size 56.75 58.7 8 8 

Setup/teardown 39.3 43 9 9 

Modularity 37 16 10 17 

S/N threshold 36.3 40 11 10 

Power requirements 33.4 34.7 12 11 

Jamming 31.7 29.5 13 12 

MOS requirements 23.1 22 14 16 

Ability to Increase security 21.8 28.3 15 13 

FEBA centrold function 20.25 25.1 16 14 

Number end-to-end secure 19.4 15 17 18 

Ease of logistical support 14.5 12.3 18 19 

Number link secure 14.4 10 19 21 

Alternate capabilities 12.2 22.8 20 15 

Standardization 10.4 10.2 21 20 

Service features 10 10 22 21 

Complexity 9 9 23 24 

Ease of corrective maintenance 8.1 5 24 25 

Ease of software updates 7.3 6.5 25 24 

Ease of preventive maintenance 4.1 5 26 

" 
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4.0 IMPACT OF ELIMINATION OF LEAST SIGNIFICANT MOEs 

Reduccion of the number of MOEs required In the evaluation of the 
alternative systems Is highly desirable; therefore, a study was conducted 
of the likely impact of such a reduction, by considering the same evalu- 
ation discussed In Appendix E. 

The 76 MOEs that receive the greatest allocation of utlles were Iden- 
tified and Isolated for a separate evaluation.  Table F-12 lists these 
MOEs and provides the utile significance of their contributing factors. 
Table F-13 lists the total utlle significance of the contributing factors 
and compares the ranking of these factors when 63 and 26 MOEs are consi- 
dered.  As can be observed, the 17 most significant contributing factors 
for the 63 MOEs are also the 17 most significant contributing factors when 
only 26 MOEs are considered, and no major changes occurred in the ordering 
of these factors. 

Table F-1A lists the 26 MOEs and the utlle allocation for sample Sys- 
tems X and Y from Appendix E.  The system ranking remains unchanged when 
only 26 MOEs are used.  In fact, the relative superiority of System X over 
System Y is 14.8 percent when 63 MOEs are considered, and 15.2 percent when 
only 23 MOEs are considered.  Thus, use of the 26 primary MOEs accounted 
for 80.5 percent of the total utlles allocated, and resulted in no appre- 
ciable difference in system ranking. 

This method tior reducing the number of MOEs that contribute to the 
system evaluation could be applied in Task V after the study team is pro- 
vided the actual utile allocation.  All other MOEs could then be addressed 
in narrative form to compare the systems, but need not contribute to the 
total utility for each system. 
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TABLK  F-l) 
Utllc Slj'nl f Icince of  ContrlbutlnR Füctors 

for  26 I'rlni.iry  MUI'.s 

MOE 

Parametei Change Rank      | 

Normal High Normal High 

Grade of service 164.05 148.25 1 1 

Direction-finding 82 82 2 2 

Speed of service 80 80 3 3 

Availability 71,6 70 4 4 

Communicabillty 70 70 5 5 

Weight 61.9 59.5 6 6 

RF spectrum 61.45 43.25 7 8 

Size 56.75 47.5 8 7 

Setup/teardown 39.3 34 9 9 

Modularity 37 23 10 13 

S/N threshold 36.3 32.25 11 10 

Power requirements 33.4 30.75 12 11 

Jamming 31.7 28 13 12 

MOS requirements 23.1 4 14 17 

Ability to increase security 21.8 15 15 15 

FEBA centroid function 20.25 20.25 16 14 

Number of end-to-end secure 19.4 15 17 15 

Ease of logistical support 14.5 — 18 — 

Number of link secure 14.4 — 19 — 

Alternate capabilities 12.2 1.5 20 18 

Standardization 10.4 — 21 — 

Service features 10 — 22 — 

Complexity 9 — 23 — 

Ease of corrective maintenance 8.1 — 24 — 

Ease of software update 7.3 0.75 25 19 

Ease of preventive maintenance 4.1 -- 26 — 
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TABLE F-14 
Utility Values  for 23 Primary MOEs 

and Sample Systems X and Y 

1.1.1 Grade of service 

1.2.1 Speed of service 

1.3.1 Couetunicability 

2.1.1 Setup/teardown time 

2.2.1 GOS reduction during move 

2.2.2 Information intelligibility* 

3.1.1 Volume of system 

3.1.2 Weight of system 

3.2.1 Percent transport "Chicles 
organic 

3.3.1 Portability* 

4.1.1 FEBA centiold function 

4.1.2 Susceptibility to destructicn* 

4.2.1 Direction-find ? 

5.2.1 Jamming vulnerability 

6.1.1 Operational -  J  r.iuent* 

7.1.1 Percent system availability 

8.2.1 Total powc 

9.5.1 Compromise reatcral* 

9.6.1 Number of subscribers 
end-to-end secure 

9.7.1 Interceptibillty 

13.2.1 RF spectrum flexibiUy* 

14.1.1 INTACS compatibility 

14.2.1 INTACS/other system 
compatibility 

* Qualitative HOE 
v r 

Utility Value 

tility X Y 

110 95 84 

80 77 41 

70 64 26 

40 9 34 

45 42 38 

15 8 12 

30 21 25 

40 26 32 

20 11 16 

20 11 18 

15 9 10 

15 13 6 

60 54 43 

25 4 8 

15 8 10 

70 68 52 

30 -15 -10 

15 13 7 

15 8 6 

25 18 11 

20 14 16 

15 8 5 

15 8 8 

«05 574 498 
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5.0  DEPENDENCE OF EFFECTIVENESS METHODOLOGY 
ON SUBJECTIVE JUDGEMENT 

Subjective Judgement is required throughout the INTACS methodology 
for evaluating system effectiveness.  Figure F-4 illustrates a judgement 
trail from the pre-evaluation allocation of utiles for each MOE to the 
post-evaluation assignment of utiles for the specific value of each MOE. 
Four separate stages in the system evaluation are specified: 

0 Allocation of utiles 
* Input data and conditions 
0 Evaluation procedure 
0 Assignment of utiles. 

The initial allocation of utiles normally requires subjective judge- 
ment at three levels: areas, aspects, and measures of effectiveness. How- 
ever, for some MOEs, judgement at all three levels is unnecessary (e.g., 
in the case of only one aspect within an area or only one MOE within an 

aspect). 

The input data and conditions relate only to quantitative MOEs, since 
the entire evaluation of qualitative MOEs is considered a single subjec- 
tive Judgement, with relevant conditions noted but not measured.  Several 
of the quantitative MOEs require COMSR data as direct or indirect input. 
The determination of OOMSRs was, in part, a judgemental exercise.  MOEs 
that require the scenario and specified deployment as a frame of reference 
are requiring additional subjective judgement. 

The evaluation procedure is subjective, of course, for all qualitative 
MOEs.  Some of the quantitative MOEr will be evaluated by the network models 
(CASE and SIMCE) or by the IPM.  These MOEs, and many more, are based upon 
a sized system, which is an additional dependence on SIMCE. While the net- 
work models attempt to represent telephone, teletype, and data networks, 
they are partly ti.e result of (previously made) Judgement as to what approxi- 
mations are acceptable as representative of such networks. Thus, to the 
extent that the model is not totally representative of telephone, teletype, 
or data networks, a degree of subjective judgement can be traced to the 
use of these models.  Additionally, some MOEs require assignment of weights 
to the output of these models. 

Finally, the assignment of utiles to the evaluated MOEs requires sub- 
jective Judgement as to the relative significance of improvement (or degra- 
dation) from the baseline system. 
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Figure F-5 Illustrate, the Judgement trail for the quantitative MOE 
arade of wrvice.  Similarly. Figure M la the judgement trail for the 
^UtativI^OE ability to function in various operational environments. 

For the output of Task V to be meaningiul, the frequency and nature of 

the Elation o? subjective Judgement should *™'J^**'*tm*' 
o?., 7Z  .v.luation. results of such Judgement will be identified, thus 
«Ll^gT^va^tlon by those who would disagree  While *• •"^T 
^«evaluation is heavily dependent on Judgement, this provides the ad- 
vantagri?"emitting consideration of a broader spectrum of system capa- 
bilities to determine overall system performance. 
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APPENDIX G   
EVALUATION OF SINGLE-CHANNEL SYSTEMS 

IN THE MID RANGE TIME FRAME 
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APPENDIX G 
EVALUATION OF SINGLE-CHANNEL SYSTEMS 

IN THE MID RANGE TIME FRAME 

1.0    COMMUNICATIONS SUPPORT REQUIREMENTS 

The COMSRa specify communications requirements by mode, precedence, 
message length,  security classification, and originator access need  (land- 
fixed,  land-mobile, airborne,  and waterborne).    All traffic with other 
than fixed access Is considered to be a requirement for single-channel. 
Thus,   the need for mobility has generated a need for single-channel 
capabilities. 

When a specific need for single channel exists, system designers will 
provide that capability, selecting and assigning equipment based primarily 
upon range, mobility, and reliability requirements. In addition to speci- 
fic dictation of the need for single channel by the COMSRs, single channel 
vill also be considered as an alternative in satisfying other communica- 
tions support requirements. In these Instances, if single channel Is 
selected,  the rational« behind the selection will be documented. 
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2.0 CONCEPT DESIGN FEATURES FOR SINGLE CHANNEL 

TVo comunications functional areas particularly applicable to single 

channel are: 

0 Single-channel transmission facilities 
0 Single-channel access to multichannel switching. 

Single-channel transmission faci 
RATT single-channel TACSAT, and TRCS. 
transffiission facilities will be intro 
mid range time frace. These equipmen 
the need arises for single-channel/ex 
or forces located remotely to the bat 
offered by TACSATCOM are quick setup 
bilities. The URC-78 series technolo 
sidered for the mid range time frame. 

lities include VHF/FM net radio, HF/SSB 
Upgraded TACSA'i single-channei (UHF) 

duced into the inventory during the 
ts will be considered in cases where 
tended-range communications with units 
tie area.  The primary advantages 
times and extremely long-range capa- 
gy provides the TRCS equipment con- 

The multichannel coiranunications system presently employs a manual radio- 
wire integration (RWI) facility to give a net radio and mobile user a means 
to access th« system. One INTACS approach provides an automated RWI (ARWI) 
facility at Division and higher echelons.  During Task V, various techniques 
will be evaluated to determine the optimum technique for implementing the 

ARWI function. 

Figure G-l provides the conceptual desi^.i features for single channel 
In Theater Army and Corps.  Figures r.-2 and G-3 provide these conceptual 
design features for Division and Separate Brigade.  These features will be 
evaluated when the single-channel systems are evaluated at each echelon. 
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3.0 APPLICABILITY OF THE EFFECTIVENESS METHODOLOGY 
TO THE EVALUATION OF SINGLE CHANNEL 

Tht efftctivenets methodology presented in the Task III report ib 
applicable to the evaluation of single-channel systems.  The network model 
SIMCE sizes »ingle-channel requirements, and measures GOS and SOS for 

single channel. 

First, the model provides typical unit single-channel needlines by 
mode, precedence, frequency, length, and purpose (for example, TUN 6 to 
TUN 7, voice, 6 routine messages, average length 40 seconds, administrative). 
Communications analysts will identify the single-channel nets available to 
each unit, and will specify the net to be used for each needline. SIMCE 
randomly generates the appropriate number of messages for each net for the 
time period to be simulated. If the net is not available when the message 
is to be «ent, it enters a queue for that net. At the end of the simula- 
tion, statistics are provided by net on the total number of messages that 
were queued, the average queueing time, and the number of messages still 
in queue. The first statistic relates to GOS and the second to SOS. 

In addition to SIMCE, the IPM will be used to evaluate single-channel 
systeiM.  A« part of the EMC/EMV analysis, this model will measure: 

0 Message intelligibility without interference; 

• Message intelligibility with unintentional interference; 

0 Impact of Jamming; 

• Susceptibility to direction-finding; 

• Interceptibility; 

• RF spectrum requirements and flexibility of frequency 

assignments. 

Single channel will also be evaluated in terms of all other MOEs. 
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4.0 TRADEOFF ANALYSIS 

In the «ffectlveMM evaluation, weak areas will be identified and 
laproved if poselble. Tradeoffs will be made between net radio require- 
menta currently filled by ground systems and those that can be satisfied 
by other means. To be considered are traffic load, methods of modulation, 
antijamming functions, numbers and types of users against associated 
bandwidths, and associated quantities of ground terminals required. 

The results of the evaluation will identify the advantages and dis- 
advantages of each system. The subsequent cost and effectiveness tradeoff 
analysis will enable the contractor to provide the Army with a recommended 
mix of single channel FM, TACSAT, MARTS, etc. The rationale behind thia 
recommendation will be documented. 
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FEBA 

PSD 

POM 

C4A 

GPE 

GPI 

COS 

Hi 

ILS 

IMTACS 

IOTE 

IPM 

kW 

LCC 

LOS 

LRTP 

MHz 

MOE 

MGS 

MRTP 

MTBF 

MTTR 

MWO 

N/A 

NORM 

NORS 

O&M 

OPA 

OR 

OTE 

PEP 

POL 

Forward edgt of battle area 

Full-scale development 

Figure of merit 

General and administrative 

Government-furnished equipment 

Government-furnished information 

Grade of service 

Hertz 

Integrated logistical support 

Integrated Tactical Goinnunications System 

Initial operational test and evaluation 

Interference prediction model 

Kilowatt 

Life-cycle cost 

Llne-of-slght 

Long range time frame 

MegaHertz 

Measure of effectiveness 

Military occupational specialty 

Mid range time frame 

Mean time between failure 

Mean time to repair 

Modification work order 

Not applicable 

Not operationally ready (maintenance) 

Not operationally ready (supply) 

Operation and maintenance 

Other procurement/Army 

Operations research 

Operational test and evaluation 

Produclbility, engineering, and planning 

Petroleum, oil, and lubricants 

Preventive maintenance 
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P(SO) 

R&D 

REU 

RF 

RWI 

SE 

SIG SEC 

SIMCE 

SOS 

SSB 

SI) 

TA 

TCCF 

TECCM 

TM 

TP 

TOE 

TTY 

UCR 

UGS 

UTM 

USAEPG 

USAMSSA 

Probability of satisfactory operation 

Research and development 

Range extension unit 

Radio frequency 

Radio-wire integration 

System effectiveness 

Signal security 

Simulation - Communications-Electronics 

Speed of service 

Single sideband 

Subscriber unit 

Theater Army 

Tactical communications control facility 

(U.S. Army) Test and Evaluation Command 

Technical manual 

Telephone 

Table of organization and equipment 

Teletype 

User communication requirement 

Unattended ground sensor 

Universal Transverse Mercator 

U.S. Array Electronic Proving Ground 

U.S.  Array Management Systems Support Agency 

\ 
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APPENDIX I 
GLOSSARY OF ITEMS 

A..cmbl«a« - A collection of items designed to accomplish one general 
unction and identified and issued as a single item. May consist 
of itama included in more than one class of supply, and may 
Include itema for which logistical responaibilltles are assigned 
to more than one agency, 

hour - The contlnuoua cne-hour period that has the maximum average Busy 
traffic Intensity. 

Call - A« attempt to reach a subscriber, whether successful or not; in 
   other words, a valid request for service. 

r.om0n uaer network - A system of circuit or channels allocated to furnish 
 conmmlcations parts between switching centers to provide communi- 

cations aervice on a common basis to all connected statiors or 
aubacribers. 

Component - A part of a whele; for example, parts of an assembly °r any 
i:2=E ^bination of oarts. aubassemblies, and assemblies mounted together 

to manufacture, aaaemble, maintain, or rebuild. 

C<»ao<.catlons - A method or means of conveying Information of any kind 
^rom one person or place to another, except by direct, unassisted 
conversation or correspondence through nonmilltary postal agencies. 

r «WMon.. center - A facility responsible for the reception, trans- j 
 mission, and delivery of messages. Its normal elements are a 

mesaage center section, a cryptographic section, and a sending 
and veceiving section using electronic communications devices. 

"cMminlcations-electronlcs - Embraces design, development, installation, 
fiMWMgggfgygg ^Sitnaat9 of electronic and electromechanical 

systems associated with collecting, transmitting, storing. P"" 
cM.Sg, recording, and displaying data and information associated 
with all forma of military communications (excluuing the 
responsibility for information and data systems and equipment 
which haa been otherwise assigned). 
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Co—unicabilitx - The ability of communications-electronics equipments, 
•ubsy.tems, end systems, together with electromagnetic devices, to 
operate in their Intended operational environment without suffering 
degradation because of natural or uncontrolled manmade noise. 

Communications security - Protection thai results from all measures 
designed to: 1) deny unauthorized persons Information of value 
that might be derived from the possession and study of tele- 
conmunlcatlons, or 2) mislead unauthorized persons In their 
Interpretation of the results of such possession and study. 
Include« cryptosecir«ty, transmission security, emission secu- 
rity, and physical security of communications security materials 
and Information. 

CompatlbllltY " The «bility of communications-electronics equipments, 
■ubsystems, and systems, together with electromagnetic devices, 
to operate In their intended operational environments without 
■offering or causing unacceptable degradation because of uninten- 
tional, unwantid electromagnetic radiation or response. 

Critical path -The sequence of events of a multitask Job that determines 
the minimum time for completion of a Job. These events may be 

^•IW116 •rallability of ""'P0™ or «q"lP«ent. Delays 
Jhl J^b      8    CrltiCal Path Up8et the OVer»11 timetable of 

D*C<Ptl011 " JJ« *******  "diation, reradlation, alteration, absorption 
or reflection of electromagnetic energy In a manner Intended to mis- 
lead an enemy In the Interpretation or use of Information received 
by his electronic systems. 

Directory - An assignment of alphanumeric symbols to uniquely Identify 
each subscriber, equipment, or process in a communications net- 
work. The order of the directory symbols may be arranged to permit 
wbscrlbe«   neinorlze or ea8ily dedu« the symbols of other 

Direct support - Support provided by a unit or formation not attached to 
or under command of the supported unit or formation, but required 
to give priority to the support required by that unit or formation. 

Direction-finding - A procedure for obtaining the bearings of radio 

JSTTJ  r1"*!' thrOU8h the U8e 0f hl»hly directional antennas 
and a display unit on an Intercept receiver or ancillary equipment. 

Electromagnetic compatlbllltr - The ability of communications-electronic 
equipments, subsystems, and systems, together with electromagnetic 
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devices, to operate In their Intended operational environments 
without Buffering or causing unacceptable degradation because 
of unwanted electromagnetic radiation or response. 

Frlang - A unit of traffic denulty that represents full occupation 
of one channel and is equal to one traffic unit.  For a group of 
channels, the average intensity of traffic during a period T 
equals the total occupancy divided by T.  For example, five 
channels occupied 40 percent of the time carry, on the average, 
two erlange (120 call minutes per hour or 2 call hours per hour). 

Facalmlle - A line-scanning system of telecosmunlcations for transmitting 
fixed Images, with or without halftones, with a view of their 
reproduction In a permanent form (wlrephoto and telephoto are 
facsimile through wire circuit; radlophoto is facsimile via radio). 

Infrcaptiblllty - The ability of an intercept receiver to detect, locate, 
identify, and analyze electromagnetic emissions from communications- 
electronics equipments, subsystems, and systems, together with 
electromagnetic devices, in their intended operational environment 
without suffering unacceptable degradation because of unintentional, 
unwanted electromagnetic radiation. 

Infrference (Intentional) - Interference caused by deliberately over- 
riding a desired signal with an interfering or misleading signal. 
This is an aspect of electronic warfare or Jammlag. 

Link - Can be: 1) a portion of a communications circuit; 2) a channel or 
circuit designed to be connected in tandem with other channels of 
circuits; or 3) a radio path between two points, called unidirec- 
tional, half-duplex.  (The term "link" should be defined or quali- 
fied when used.  It is generally accepted that the signals at 
each end of a link are in the same form.) 

Loop - Communication line between a unit and a node. 

MMgage - Any thought or idea expressed briefly in a plain or secret 
language, prepared in a form suitable for transmission by any 
means of communication. 

Massage center - A communications center element that is responsible for 
~   accepting and processing messages, both incoming and outgoing. 

Mode (of transmission) - The method used to convey intelligence from one 
force unit to another force unit. 

L 
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Modul« - A packaged functional hardware unit dealgned for uae with other 
components; It can be an Item, assembly, or component that is 
designed to be handled as a single unit, and la normally packaged 
as an Identlfleble entity for supply or maintenance purposes. 

Needllne - The requirement of one force unit to communicate with another 
force unit. 

Het - One or more transmitters and receivers operating on a single fre- 
quency with a conmor tactical purpose or function. May contain 
as few as one transmitter and one receiver (as In the case of a 
radio relay system In one direction of communication), or as many 
as a dozen or more transmitters and receivers (as In the case of 
conmand nets). 

Node - A point through which more than one circuit passes, where a 
switching function can be performed (but need not take place), and 
where system outlets may exist. 

Snapshot - An arbitrary, short interval In time In which a situation can 
be observed, analyzed, and evaluated. 

Subeyetem - A major functional division within a system; a subsystem per- 
forms one or more specific tasks. 

Svatsm - An Integrated relationship of components aligned to establish 
proper functional continuity toward the successful performance of 
a defined teak or tasks. 

Traffic - The aggregate Information available on the cocmunlcatlons con- 
tent, characteristics, and quantity that describes a needllne (all 
transmitted and received messages). 

user connunlcatlon requirements - A quantitative statement of Communica- 
tions at the user level, without reference to specific hardware or 
coBounications system design. Specification of the UCR Is to 
Include source-sink relationships plus Identification of communi- 
cations Information content, characteristics, and quantity. 

Vulnerability (electromagnetic) - A measure of degradation of the ability 
of communications-electronics equipment, subsystems, and systems, 
together with electromagnetic devices, to operate In their Intended 
operational environment because of unwanted response to intentional 
electromagnetic radiation utilized In electronic warfare. 

Vulnerability (general) - The characteristics that cause a system to suffer 
a definite degradation (Incapability to perform the designated mis- 
sion) as a result of having been subjected to a certain level of 
effects in unnatural (man-made) hostile environment. 

1-6 

„„ _ .■.. ,..^^-,.^ J 


